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1/5/16 

Provision of Safe Drinking Water in Hoosick Falls, NY 

Interim Measures 

Bottled Water: 

• Immediately- continue current program of providing bottled water to residents, 
supplemented in the following ways: 

o Establish a procedure for delivery of bottled water directly to elderly or disabled 
residents and those with transportation issues. The deliveries should be arranged 
for by Saint-Gobain with a water delivery company and should not depend on 
volunteers in the community. The procedure should include: 

Telephone hotline and/or email address for residents to use to request 
home delivery; 
System for regular delivery starting the day following the request and 
approval; and 
Maintenance of a log recording all requests for delivery and the actions 
taken. The log should include address and contact information. 

o Also establish a procedure for residents with a need for an additional volume of 
bottled water (beyond 5 gallons per day for the household) to request the 
appropriate volume needed by their household. 1 TI1e procedure should include: 

Telephone hotline and/or email address for residents to use to request the 
additional volume of water; 
System for supplying a voucher that the requestor can present at water 
distribution outlet starting the day following the request and approval; and 
Maintenance of a log recording all requests for additional volume and the 
actions taken. The log should include address and contact information. 

• Within 21 days- submit an evaluation of the effectiveness of the program to provide 
bottled water, including the enhancements for home delivery and expanded vo!Uille. The 
evaluation should also include an evaluation of the feasibility of providing additional 
options for water delivery, including installation of tanks (to be filled by approved water 
haulers) to dispense water from other areas of the village. 

• Ensure that all of the plastic water bottles used in the bottled water program are recycled. 

1 Until a treatment system is in place at the public water supply and confirmed to be consistently 
removing PFOA below the level set by EPA's health advisory, EPA is recommending the use of bottled 
water not only for drinking but also for cooking, teeth-brushing, and for use with a humidifier, if any. 

Private Wells: 

Within 15 days- identify all private wells (including wells serving non-community 
public water systems) in Hoosick Falls that are still being used for potable purposes. 

Within 15 days thereafter, make offer to well owner to sample the private well to 
determine whether PFOA contamination is present. 

o Collect samples within 5 days of obtaining access from well owner. 
o Have samples analyzed as soon as possible in a certified laboratory using EPA 

Method 537. 
o As soon as lab results are obtained, provide results to well owner and Village, 

Rensselaer County DOH, State DOH and EPA 
o Maintain a log book listing the address and contact information for each such 

private well, the date of the offer to sample the private well, and whether the ofTer 
was accepted. 

• lf PFOA is detected in one of the private wells at a level at or above the EPA health 
advisory, 

o Immediately commence providing the impacted home or business owner with 
bottled water until the well can be eliminated or treated. 

o Within 30 days, provide for the installation of Point of Entry Treatment (POET) 
for the home or business served by the private well; or within 30-90 days 
(depending on the water line's proximity), connect the home or business to the 
public water supply. 

o lf a POET system is used, maintain the system and continue quarterly monitoring 
for PFOA (both the raw water and the water treated by the POET system). 

Temporary Public Water Supply Treatment System: 

• Within 10 days - submit an evaluation of the feasibility of installing temporary treatment 
(i.e., rented truck mounted GAC system) on the public water supply wells while the 
permanent treatment system is designed and built. The evaluation should include: 

o Costs of temporary treatment units and any retrofitting necessary to connect the 
temporary treatment; 

o Schedule for obtaining Rensselaer County DOH and State DOH approval for the 
temporary treatment; 

o Schedule for installation of temporary treatment system; 
o Monitoring plan to assure reduction in PFOA levels. 

If the evaluation shows a temporary treatment system is feasible, install the system and 
have it operational by February I, 2016. The system should be designed to remove 
PFOA to the minimum reporting limit that can be reliably achieved by the analytical 
laboratory when using EPA Metl1od 537. 
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Home - Merrimack Village District Water 

r 

Horrw About MVD Services Information Projects Q&As 

Merrimack Village District Water Works 

Merrimack, NH 

MVD Water Supply and PFOA 

On February 29th, 2016 the Merrimack Village District (MVD) was notified by the New Hampshire Department of Environmental 
Services (NHDES) of a detection of Perfluorooctanoic Acid (PFOA) at the Saint Gobain facility in Merrimack. Those results have been 
evaluated by the NHDES and MVD. The Merrimack Village District has been and will continue working with the NHDES on resolving 
this issue. 

As part of our NHDES sampling schedule tlle tv1VD participated in round :~of the Unregulated Contaminant Monitoring Rule (UCMR:)). 
MVD was required to sample all of our sources twice, approximately 6 months apart Wells 4 & 5 had a detection of 42 parts per 
trillion (ppt) in April of 2014. Sources were again tested in October of 2014. Wells 4 & 5 presented with a non-detect result 

NHDES has no information suggesting the water is not safe to drink. The concentration of PFOA is well below EPA's current draft 
health advisory level of PFOA. Additional testing and assessments are ongoing. If people still have concerns, they can use a standard 
household carbon filter or utilize bottled \Vater until we have more information. 

We have initiated further testing to determine any presence of PFOA in our water supply. 

To view the EPA Fact Sheet for PFOA go to: http://www.epa.gov/sites/produnionjfiles/2014· 
04idocurnents/facts~Jeet_contarninant .. Pfos ... PfOa ... mardl2014.pdf 

To view the NHDES press release go to: 

http://des.nh.govirnedia/pr/2016i20160304-saint-90bain.htm 

For questions please contact Superintendent Ron Miner at (603) 424-9241 x107 or via email at ron.miner@rnvdwater.org or Jill Lavoie 
at (603) 424-9241 x103 or via email at ;illlavoie<i.ilrnvdwater.ora. 

Quick Links 

t--1errimack ViUage District Flushing Sept 21-25. 2015 

Approved Budget-1015-16 

Projected-Revenue-200 3-201 5 

Treatment Plant f:nvironment.al Review 

1 ~ ~ I I 

What is the oddfeven water restriction? 

The water restriction is a tool to help manage our 
distribution system. Withdrawing water from the aquifer in 
a controlled manner allows us to protect against seasonal 
fluctuations. The year round odd/even restriction Omits the 
days on which outside watering is allowed, based on 
whether your street address is an odd or even number and 
the date is an odd or even. number 

Page 1 of2 

Contact Q. 

Merrimack Village District Water Works 

2 Greens Pond Road 
Merrimack, NH 03054 

Phone: (603) 424-9241 

f'.1ission Statement 
"The Merrimack Village District will develop, 
operate and maintain our water system in a 

cost effective manner." 
Adopted by the 

Board of Comrn·ls!>loners 

September 16, 2013 
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EPA Statement on Private Wells in 

The Town of Hoosick and Village of Hoosick Falls, NY 

January 28, 2016 

The EPA is developing a lifetime health advisory level for PFOA. While this work 
continues, the EPA recommends that people in the Town of Hoosick and the Village of 
Hoosick Falls who have private wells at which PFOA has been found to be present at a 
level greater than 100 parts per trillion not use that water for drinking or cooking, and 
instead take advantage of the free bottled water that is being made available at the 
Tops Market in Hoosick Falls. In addition, the EPA recommends that people in the Town 
of Hoosick and the Village of Hoosick Falls who have private wells that have not yet 
been tested for the presence of PFOA ask the New York State Department of Health to 
test their well and, in the meantime, take advantage of the bottled water available at the 
Tops Market in Hoosick Falls. 
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Depa1tn1ent of Health 
Agenf':y of Human Service:; 

Perfluorooctanoic Acid (PFOA) 

The Agency of Natural Resources/Department of Environmental Conservation tested a number of water sources near 
the former ChemFab plant in North Bennington, and results show varying levels of a potentially harmful chemical, 
perfluorooctanoic acid, or PFOA. The public water supplies in North Bennington and Bennington have been tested 
and are not affected, but five other residential and commercial wells had test results ranging from 40 to nearly 2,500 
parts per trillion (ppt). 

Additional residential wells in the area that may have been affected are being tested. The test to determine PFOA 
levels in water takes approximately two weeks for results to be known. Residents who have contaminated wells or are 
waiting for test results should not drink or use the water for preparing food, cooking or brushing teeth. The State is 
providing bottled water to homes within a 1-1/2 mile radius of the former ChemFab plant. 

• What is PFOA? 
• Why is PFOA a health concern? 
• Where can I learn more about PFOA studies? 
• How is Vermont coordinating with New York? 
• How to get your private well tested 
• If your well water is contaminated with PFOA, or you have concerns about possible contamination 
• PFOA and Human Health 
• Medical Care 

How you can get your water tested 
Contact Chuck Schwer, Vermont Department of Environmental Conservation 
Tel: 802-828-1138 (switchboard), or 802-249-5324 (cell) 
Email: chuck.schwer@vermont.gov 
Website 

Laboratories in Vermont are not equipped to test for PFOA. The Department of Environmental Conservation will 
collect water samples to send to an out-of-state lab for this specialized testing. 

For questions about potential health effects of PFOA: 
Call the Vermont Department of Health toll-free at 800-439-8550. 

Page updated: 02/2912016 

What is PFOA? 

PFOA is a manufactured chemical that belongs to a group of chemicals used to make household and commercial 
products that resist heat and chemical reactions, and repel oil, stains, grease and water. These chemicals are widely 
found in nonstick cookware, stain-resistant carpets and fabrics, water repellant clothing, paper and cardboard food 
packaging and fire-fighting foam. 

PFOA does not break down easily and therefore persists for a very long time in the environment, especially in water. 
Its toxicity and persistence in the environment means it is a potential danger to human health and the environment. 

Return to Top 

Why is PFOA contamination a health concern? 
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PFOA is a health concern because, if ingested over time, it could lead to health effects including liver toxicity, kidney 
damage, increased risk for cardiovascular disease, adverse effects on the reproductive system, immune system, 
infant and child development, and possibly some cancers, specifically testicular, prostate, thyroid and kidney cancer. 

The Vermont Department of Health has established a health level of 20 parts per trillion (ppt) for drinking water. If 
water contains more than 20 ppt, it should not be used for drinking, food preparation, cooking, tooth brushing, or any 
other way it could be ingested. 

Return to Top 

Where can I learn more about PFOA studies? 

The Health Department will continue to update information on its website as we learn more about PFOA. 

The Agency of Toxic Substances & Disease Registry (ATSDR) is part of the Centers for Disease Control & 
Prevention (CDC). ATSDR published a toxicological profile for PFOA and the related perfluoroalkyl chemicals. You 
can view the webpage, and download the PDF of the toxicological profile to read more about the scientific studies. 

EPA also has a draft health effects document for PFOA, listed as Health Effects Document for Perfluorooctanoic 
Acid 

Return to Top 

How is Vermont coordinating with New York? 

Vermont is working with the New York Health Department and the New York State Department of Environmental 
Conservation to understand their. response. 

Return to Top 

How can I get my private well tested? 

Contact Chuck Schwer, Vermont Department of Environmental Conservation 
Tel: 802-828-1138 (switchboard), or 802-249-5324 (cell) 
Email: chuck.schwer@vermont.gov 

Laboratories in Vermont are not equipped to test for PFOA. The Department of Environmental Conservation will 
collect water samples to send to an out-of-state lab for this specialized testing. 

Return to Top 

If my well water is contaminated with PFOA, or I am concerned about possible 
contamination: 

Should I drink the water? 

No. Use bottled water or water from a known safe source for drinking, food preparation, cooking, brushing teeth- any 
way that you could ingest the water. The Department of Environmental Conservation is distributing bottled water to 
residences that have PFOA detected, and those potentially affected but not yet tested. 

The public drinking water supplies in North Bennington and Bennington have been tested and are NOT affected. 

Is it OK to shower or bathe? 

Routine showering or bathing would not likely cause a significant exposure. Studies have shown very limited 
absorption of PFOA through the skin. 
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As a precaution, we recommend shorter showers, and use of bathroom fans (or opening bathroom windows) to help 
remove water droplets (aerosols) formed during showering. The shorter the shower, the lower the possible exposure 
to PFOA-contaminated water. We also recommend that children or people with skin conditions (rashes, cuts, 
abrasions, etc.) avoid prolonged contact with PFOA-contaminated water in the bath. Children are more likely to 
swallow while playing. 

What about brushing teeth? 

Use bottled water for brushing teeth. 

Can I do laundry and wash my dishes? 

Yes. Doing laundry or washing dishes is not likely to pose a significant exposure to PFOA. If washing dishes by hand, 
you can minimize exposure by wearing rubber gloves, especially if you have a rash, cuts or abrasions on your hands. 

Can I use a humidifier? 

If you must use a humidifier, only use water from a safe source. 

What can be done to take PFOA out of the water? Would an in-home treatment system help 
filter PFOA out of the water? 
How effective is a filtration system? 

If your water has tested positive for PFOA, the Department of Environmental Conservation will be coordinating the 
installation of in-home water treatment. 

Carbon filtration and reverse osmosis are two technologies that can remove organic contaminants such as PFOA 
from water. While there are currently no commercially available point-of-use filters (filters attached to a tap), or whole 
house filters specifically certified by the National Sanitation Foundation to remove PFOA, any activated carbon or 
reverse osmosis system should be able to reduce PFOA levels. The Minnesota Department of Health tested several 
point of use water treatment devices and found many to be effective. 

If a treatment system is used, it is important to follow the manufacturer's guidelines for maintenance and operation -
and periodic testing of the treated water would be necessary to ensure that the PFOA level stays below the health 
advisory for drinking water. 

Will it be OK to eat produce from my garden, or fish from the Walloomsac river? 

We know people have many questions about this. The Department of Environmental Conservation is developing a 
sampling plan for testing soil and water from the river, and the Health Department is reviewing the science to help 
answer these questions. If PFOA is detected, the Health Department will evaluate the information to determine a 
health level of concern. 

Should I be concerned about fishing in this area? 

Should I be concerned about fishing in this area? Fish do not appear to accumulate PFOA in their tissues. There is no 
specific advice to avoid fish due to the risk for PFOA. However, residents should be aware of the Health Department's 
fish advisory for Vermont. We advise that no one should eat fish from the Hoosic River, due to contamination with 
different chemicals, PCBs, that do accumulate in fish. The Vermont fish health alert is on the Health Department's 
website at www.healthvermont.gov, then go to 'fish' on the A-Z listing. 

What about the water in my swimming pool? 

PFOA does not move very well through the skin. People who swim are unlikely to absorb very much through the skin. 
However, people may accidentally swallow pool water. If your water tested positive for PFOA, we recommend 
draining and refilling your pool after your water is treated to reduce any potential exposure. 

Return to Top 
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PFOA and Human Health 

Is PFOA found in humans? 

Studies show that human exposure to PFOA is widespread, and that most people have low levels of PFOA in their 
blood. PFOA does not break down in the human body and stays in blood for years after exposure, so levels of PFOA 
detected by a special blood test would reflect total exposure over many years. The time it takes for PFOA blood levels 
to go down by half is about two to four years, assuming there is no additional exposure to the chemical. 

What health effects are associated with exposure to PFOA? 

PFOA ingested over time could lead to health effects including liver toxicity, kidney damage, increased risk for 
cardiovascular disease, adverse effects on the reproductive system, immune system, infant and child development, 
and possibly some cancers, specifically testicular, prostate, thyroid and kidney cancer. 

What are the health effects of.the levels that have been measured in the drinking water? 

We do not have an accurate way to predict what health effects people will experience if their water is contaminated. 
We have summarized the health effects from scientific papers, and suggest that people with contaminated water talk 
to their health care providers about their liver and kidney function. 

What are the effects on animals? 

The health effects on animals are likely to be similar to the effects on people. If people have PFOA in their water, we 
recommend they do not drink the water and that they not give their pets the water. 

What part of the body is affected by PFOA? 

The most consistent effects seen from exposure to PFOA are on the liver and kidney. Simple blood tests can 
determine the levels of important liver enzymes in your blood, as well as the level of uric acid. Uric acid can be a 
useful indicator of kidney health. Blood tests can also measure levels of lipids (fats) in your blood, such as cholesterol 
and low density lipoprotein (LDL). 

Has EPA developed exposure limits for PFOA? Does PFOA accumulate in the body? 

EPA sets Maximum Contaminant Levels (MCLs) for chemicals that can be found in drinking water. So far, EPA has 
not set an MCL for PFOA. EPA advised the town of Hoosick Falls, NY to set a drinking water level of 100 parts per 
trillion (ppt). 

Here in Vermont, the Health Department set the drinking water level for PFOA at 20 ppt, which is lower than what 
EPA advised. The Health Department based the calculations on the same science that EPA used, but Vermont 
accounts for exposure to children early in life. EPA considers exposure to adults. When people are exposed to PFOA, 
the chemical stays in the body. These chemicals do not dissolve in fat like other persistent pollutants. Instead, they 
accumulate in the blood. The time it takes for half the PFOA to leave your body is two to four years. 

Medical Care 

Is there a medical test that can tell me if I have been exposed to PFOA? 

Yes. PFOA can be measured in blood, but the test is not routinely done. PFOA is found at low levels in the blood of 
almost all Americans. The results of blood tests can be used to determine if a person's PFOA blood level is lower 
than, similar to, or higher than blood levels found in the general population. 

Does the Health Department recommend blood testing? 
Will the State of Vermont pay for health testing for people exposed to PFOA? Can there be 
a central area for PFOA testing? 
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Routine clinical blood tests -The Health Department recommends that people with PFOA in their water talk to their 
health care provider about routine blood tests for liver and kidney function. Results from these tests can help detect 
health conditions that may be treatable now. 

PFOA blood testing- Many people have asked about getting blood tested for PFOA. Most people in the U.S. have 
PFOA in their blood, since PFOA is in a lot of products in our homes, and products that we use. People who have 
PFOA in their drinking water are very likely to have more PFOA in their blood that what is found on average in people 
in the U.S. The Health Department is committed to arranging blood tests for PFOA for people who have contaminated 
wells. We are currently evaluating options for this, looking for a lab that can analyze blood for PFOA, and will provide 
updates on the website, through listservs and through our health alert messaging network. 

When should I see a health care provider? 

If PFOA is detected in your water, or if you or family members have signs or symptoms that you think are caused by 
PFOA exposure, discuss your concerns with your family's health care provider. The Health Department is providing 
health care providers in the area with information about recommended clinical blood tests. 

Should we wait for the water tests before seeing our doctor? 

It would be helpful for your health care provider to know the results of your water test, but you don't have to wait to 
discuss your concerns with your health care provider. 

How are you educating doctors? 

After learning of the well test results, the Health Department sent a Feb. 26, 2016 health advisory through our 
messaging network to health care providers in the Bennington County and Rutland County areas. The advisory was 
also directly emailed to the providers. The advisory lets providers know that PFOA is present in some wells. It also 
summarizes the potential health effects, and recommends that providers screen their patients who have PFOA in 
their drinking water, and consider evaluating liver and kidney function with a routine blood test. The Health 
Department is committed to arranging for specialized PFOA testing for affected residents. 

What can be done to take PFOA out of the body? 

There are no medical interventions that will remove PFOA from the body. The best intervention is to stop the source 
of exposure. This means people who have PFOA in their water above 20 ppt should not drink the water. 

Return to Top 

Vermont Department of Health 1108 Cherry Street 1 Burlington, VT 05402 
Voice: 802-863-7200 lin Vermont 800-464-43431 Fax: 802-865-77541 TTY/TDD: Dial711 first 

Health Care Provider Infectious Disease Reporting: 802-863-7240 or 800-640-4374 
IIIII Web Browser 
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News > News Releases> Tiny Concentrations of Tefion Chemical Harmful to Public Health 

Tiny Concentrations Of Teflon Chemical Harn1ful To Public Health 

Contact: Monica Amarelo 
(202) 939-9140 
monica@ewg.org 
FOR IMMEDIATE RELEASE: THURSDAY. AUGUST ]0. 20I5 

WASHINGTON- Newly published research shows that even very 
small doses of the T'ellon chemical PFOA in drinking water pose a 
more serious threat to public health than previously thought. 
EWG's report on the research, released today, shows that federal 
guidance on safe levels for PFOA is hundreds, even thousands of 
times too weak. 

In June, two prominent environmental health scientists. Philippe 
Grandjean of the Harvard School of Public Health and Richard 

Clapp ofthe University ofMassachusetts-LowelL published a comprehensive review ofPFOA research 
that found that levels in many water systems are "at least two orders of magnitude'' higher than what the 
Environmental Protection Agency advises is safe. 

PFOA has heavily contaminated the drinking water in the mid-Ohio River Valley of West Virginia and 
Ohio, near a plant where DuPont made and used the now-phased out chemical. Nationally, PFOA has been 
detected in 94 public water systems in 27 states, serving more than 6.5 million Americans. 

Click here to read the full report: Teflon Chemical Harmful at Smallest Doses 

Grandjean and Clapp termed 0.001 parts per billion, or ppb, the "approximate" safe level tor PFOA, but 
EWG calculations based on their data yielded a level of just 0.0003 ppb -lower than the EPA advisory 
level by a factor of more than 1,300. One ppb is less than a teaspoon in an Olympic-sized swimming pool. 

The EPA's health advisory level tor drinking water is 0.4 parts per billion. 

"The new science indicates that all the PFOA standards are more than 1,000 times too weak to fully 
protect public health:' said Bill Walker, investigations editor at EWG and co-author of the new report. 
''Even the lovvest level detected in nationwide water sampling is about five times higher than what the 
research says would be dangerous." 

"People should be protected against water contaminated with PFOA- especially children and women who 
plan to get pregnant," said coauthor David Andrews, Ph.D., senior scientist at EWG. "Exposure to PFCs 
like PFOA has been associated with cancer, high cholesterol. abnormal thyroid hormone levels, 

Sign Up! Donate 
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pregnancy-induced hypertension and preeclampsia. ity and lo\v birth weight - all good reasons to 
~e vour exposure." ---
''From an ethical and moral standpoint," added Wa~wg'it's outrageous that babies and children are 
exposed to this chemical though no fault of their own. 'fhis is a horrible experiment, exposing Americans 
to chemicals before they can make choices to avoid it. While we know that PFOA can be passed from 
mother to unborn child in the womb, we don't yet know what the health effects will be for those exposed 
so young.'' 

Through Tef1on's use in hundreds ofhousehold products- carpets, clothing, food wrappers and many 
more- PFOA and closely related chemicals have spread to the remote corners of the Earth and 
contaminate the blood of virtually all Americans. 

In a sign of the growing scientific recognition that PFOA is more harmful than previously thought. the 
National Toxicology Program recently announced a systematic re-evaluation ofthc chemical's ct1ect on 
the immune system. The program's Office of Health Assessment and Translation issued a call for ongoing 
or upcoming studies to be considered in the evaluation and tor the nomination of scientists for an expert 
panel to review the findings. 

In May. EWC released a report titled Poisoned Legacy to call attention to DuPont's long history of 
covering up evidence of PFOA 's health hazards, including cancer and birth defects. 

Ten years ago, EPA fined chemical giant DuPont an unprecedented $16.5 million tor knowingly 
contaminating the drinking water of residents in Ohio and West Virginia with toxic PFOA, also called 
C8. For generations, communities in West Virginia and Ohio had embraced DuPont, which repaid back 
their loyalty by poisoning the water and environment. Lawyers have waged an epic legal battle to ensure 
that these citizens get clean water and are compensated when they suffer from cancer and other diseases. 
The first of approximately 3,500 personal injury claims is scheduled to come to trial Sept. 14 in Columbus, 
Ohio. 

"To this day, my family, my friends and tens ofthousands oflocal residents in the mid-Ohio Valley are 
drinking untreated water contaminated at levels that arc dangerous and unacceptable," said Keep Your 
Promises Advisor Dr. Paul Brooks. "I was at the Parkersburg Homecoming Parade last week, surrounded 
by young families oblivious to the fact that their children are growing up drinking water that is poisoning 
them. It's time for DuPont to step up, take responsibility, and immediately filter the water in Parkersburg, 
Vienna and in other affected communities.The fact that this company is still dragging its feet is shameful." 

EWG bas also produced an interactive map that shows nationwide detections ofPFOA, PFOS and 
four other PFCs. 
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Perfluorinated Alkyl Substances 
Emerging Insights Into Health Risks 

Philippe Grandjean1 

Richard Clapp2 f 

'Department of Environmental Health, Harvard School of Public Healtl1 
Boston. MA. USA 
2Department of Work Environment, University of Massachusetts Lowell MA, 
USA 

Richard Clapp, Department of Work Environment. University of Massachusetts Lowell, 
1 Un1versity Ave. Lowell, MA 01854, USA Email: rclapo©envhealth.net 

Abstract 

Perfluorinated alkyl substances have been in use for over sixty years These highly 
stable substances were at first thought to be vi1iually inert and of low toxicity. T oxic1ty 
information slowly emerged on perfluorooctanoic acid and perfluorooctane sulfonate. 
More than thirty years ago, early studies reported immunotoxicity and carcinogenicity 
effects. The substances were discovered in blood samples from exposed workers. then 
in the general population and in community water supplies near U.S. manufacturing 
plants Only recently has research publication on perfluorooctanoic acid and 
periluorooctane sulfonate intensified VVhile the toxicology database is still far from 
complete, carcinogenictty and immunotoxic1ty now appear to be relevant risks at 
prevalent exposure levels Existing drinking water lim1ts are based on less complete 
evidence that was available before 2008 and may be more than 100-fold too higll. As 
risk evaluations assume that untested effects do not require regulatory attention, the 
greatly underestimated health nsks from perfluorooctanoic acid and perfluorooctane 
sulfonate illustrate tile pub!\c health implications of assuming the safety of incompletely 
tested industrial chemicals. 

immunotoxicant perfluorinated octanoic acid 

risk assessment 

http://new.sagepub.com/content/25/2/14 7 
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To: 
Cc: 
From: 
Sent: 
Subject: 

EPA-HQ-2016-005679 06/14/2017 

Hackett, Edward[hackett.edward@epa.gov]; Wood, Carol S.[woodcs@ornl.gov] 
Donohue, Joyce[Donohue.Joyce@epa.gov] 
Strong, Jamie 
Tue 3/8/2016 8:11:10 PM 
FW: FOR REVIEW-PFOA HA REVISED PER AGENCY AND INTERAGENCY COMMENTS 

From: Strong, Jamie 
Sent: Tuesday, March 08,2016 3:11PM 
To: Flaherty, Colleen <Flaherty.Colleen@epa.gov>; Behl, Betsy <Behl.Betsy@epa.gov> 
Cc: Donohue, Joyce <Donohue.Joyce@epa.gov>; Harper, Ashley <harper.ashley@epa.gov> 
Subject: FOR REVIEW-PFOA HA REVISED PER AGENCY AND INTERAGENCY 
COMMENTS 
Importance: High 

Betsy and Colleen, 
Here is the revised HA for PFOA for final review. Let me know if you want me to send the 
comments we received. We have incorporated almost all of the internal and interagency 
comments. There are still some bubbles with comments to either address or figure out what to 
do, it's not many though. This document needs a good tech edit after you review (I have notified 
ORNL that these docs are coming). Joyce is working on the PFOA HESD to ensure that its 
consistent with the HA. I am now turning to addressing the PFOS HA comments. 

Jamie 
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To: 
From: 
Sent: 
Subject: 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Strong, Jamie 
Tue 3/8/2016 4:59:29 PM 
lifetime ha pfoa write up 

Where do we put the butenhoff info in to support the lifetime ha? 

Jamie Strong, Chief Human Health Risk Assessment Branch 

Health and Ecological Criteria Division, 4304-T 

Office of Science and Technology, Office of Water 

United States Environmental Protection Agency 

1200 Pennsylvania Avenue, NW 

Washington DC 20460 

phone: 202.566.0056 

fax: 202.566.1140 
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To: 
Cc: 
From: 
Sent: 
Subject: 

Hi Betsy, 

EPA-HQ-2016-005679 06/14/2017 

Behl, Betsy[Behi.Betsy@epa.gov] 
Strong, Jamie[Strong.Jamie@epa.gov]; Donohue, Joyce[Donohue.Joyce@epa.gov] 
Foster, Stiven 
Mon 3/7/2016 12:26:20 PM 
PFOS HA 

I am sending you some comments from our staff on the PFOS HA. Hopefully, they are not too 
late to be of use. We are very pleased that you are close to getting the Health Advisories out, 
and appreciate the opportunity to review them. 

Thanks, 

Stiven 
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To: Behl, Betsy[Behi.Betsy@epa.gov] 
Cc: Foos, Brenda[Foos.Brenda@epa.gov]; Strong, Jamie[Strong.Jamie@epa.gov]; Donohue, 
Joyce[Donohue.Joyce@epa.gov] 
From: Miller, Gregory 
Sent: Fri 3/4/2016 7:26:14 PM 
Subject: OCHP Comments: PFOS HA for internal review 

Betsy, 

Attached you will find OCHP's comments on the PFOS Health Advisory and an accompanying 
redline document. Please let me know if you have any questions. 

Thank you, 

From: Behl, Betsy 
Sent: Friday, February 26,2016 3:16PM 
To: Cantilli, Robert 
Flowers, Lynn 
Maryt 
Henry, Tala 
Sharon 
Charlotte 

Subject: PFOS HA for internal review 
Importance: High 

Greetings all, 

Attached above is the draft PFOS Health Advisory (HA) for your review. The document has 
been spell checked but has not been through a final technical edit. We plan to address your 
comments and then have a final technical edit done prior to the issuance of the Health Advisories 
(HAs). We also plan to thoroughly revise the executive summary after we receive all comments. 
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Our date for release of the HAs is the end of March, which is coming up fast. I am asking for 
comments a week from today (by 3/4/2016). We will have about a week to revise and tech edit 4 
documents, so will not be able to accept comments after this date. 

I want to thank you all for the productive comments and open communications. I think these 
documents are all much better because of your contributions. If you have any questions as you 
move through these documents please do not hesitate to give me a call. 

Best wishes, Betsy 

Elizabeth (Betsy) Behl, Director 

Health and Ecological Criteria Division, 4304-T 

Office of Science and Technology, Office of Water 

United States Environmental Protection Agency 

1200 Pennsylvania Avenue, NW 

Washington DC 20460 

phone: 202.566.0788 

room 5233H 
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To: 
From: 
Sent: 
Subject: 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Strong, Jamie 
Wed 3/2/2016 8:02:18 PM 
RE: pfoa ha 

From: Strong, Jamie 
Sent: Wednesday, March 02,2016 2:24PM 
To: Donohue, Joyce <Donohue.Joyce@epa.gov> 
Subject: RE: pfoa ha 

From: Donohue, Joyce 
Sent: Wednesday, March 02,2016 2:12PM 
To: Strong, Jamie 
Subject: RE: pfoa ha 

From: Strong, Jamie 
Sent: Wednesday, March 02, 2016 1 :22 PM 
To: Donohue, Joyce 
Subject: pfoa ha 

So I have done what I can with the PFOA HA. There are some comments that I need you to 
weigh in on or address before I send this back to Colleen and Betsy. The draft is pretty marked 
up and there are a lot of comment bubbles. I would like to send to you and have you go through 
it front to back. I know you don't like the effects characterization but there are some changes 
there that I would like you to at least verify reflect an accurate representation of the data. I need 
your help. 
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Jamie 

Jamie Strong, Chief Human Health Risk Assessment Branch 

Health and Ecological Criteria Division, 4304-T 

Office of Science and Technology, Office of Water 

United States Environmental Protection Agency 

1200 Pennsylvania Avenue, NW 

Washington DC 20460 

phone: 202.566.0056 

fax: 202.566.1140 
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To: 
From: 
Sent: 
Subject: 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Strong, Jamie 
Wed 3/2/2016 7:23:36 PM 
RE: pfoa ha 

From: Donohue, Joyce 
Sent: Wednesday, March 02,2016 2:12PM 
To: Strong, Jamie <Strong.Jamie@epa.gov> 
Subject: RE: pfoa ha 

From: Strong, Jamie 
Sent: Wednesday, March 02, 2016 1 :22 PM 
To: Donohue, Joyce 
Subject: pfoa ha 

So I have done what I can with the PFOA HA. There are some comments that I need you to 
weigh in on or address before I send this back to Colleen and Betsy. The draft is pretty marked 
up and there are a lot of comment bubbles. I would like to send to you and have you go through 
it front to back. I know you don't like the effects characterization but there are some changes 
there that I would like you to at least verify reflect an accurate representation of the data. I need 
your help. 

Jamie 

Jamie Strong, Chief Human Health Risk Assessment Branch 

Health and Ecological Criteria Division, 4304-T 

ED _000954(915)_Processed_PSTs-2_DD _00003237 -00001 



EPA-HQ-2016-005679 06/14/2017 

Office of Science and Technology, Office of Water 

United States Environmental Protection Agency 

1200 Pennsylvania Avenue, NW 

Washington DC 20460 

phone: 202.566.0056 

fax: 202.566.1140 
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To: 
From: 
Sent: 
Subject: 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Strong, Jamie 
Wed 3/2/2016 4:40:04 PM 
ORO comment help 

Can you look at this and edit/respond? 

Thanks, 

Jamie 

Jamie Strong, Chief Human Health Risk Assessment Branch 

Health and Ecological Criteria Division, 4304-T 

Office of Science and Technology, Office of Water 

United States Environmental Protection Agency 

1200 Pennsylvania Avenue, NW 

Washington DC 20460 

phone: 202.566.0056 

fax: 202.566.1140 
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To: Behl, Betsy[Behi.Betsy@epa.gov] 
Cc: 
From: 

Strong, Jamie[Strong.Jamie@epa.gov]; Donohue, Joyce[Donohue.Joyce@epa.gov] 
Southerland, Elizabeth 

Sent: Fri 2/26/2016 8:20:08 PM 
Subject: Re: PFOS HA for internal review 

Fabulous accomplishment! The whole country is waiting to see the final product. I will let Joel 
know it was sent out today for internal review. 

Sent from my iPhone 

On Feb 26,2016, at 3:15PM, Behl, Betsy wrote: 

Greetings all, 

Attached above is the draft PFOS Health Advisory (HA) for your review. The document 
has been spell checked but has not been through a final technical edit. We plan to address 
your comments and then have a final technical edit done prior to the issuance of the Health 
Advisories (HAs). We also plan to thoroughly revise the executive summary after we 
receive all comments. 

Our date for release of the HAs is the end of March, which is coming up fast. I am asking 
for comments a week from today (by 3/4/2016). We will have about a week to revise and 
tech edit 4 documents, so will not be able to accept comments after this date. 

I want to thank you all for the productive comments and open communications. I think 
these documents are all much better because of your contributions. If you have any 
questions as you move through these documents please do not hesitate to give me a call. 

Best wishes, Betsy 

Elizabeth (Betsy) Behl, Director 

Health and Ecological Criteria Division, 4304-T 
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Office of Science and Technology, Office of Water 

United States Environmental Protection Agency 

1200 Pennsylvania Avenue, NW 

Washington DC 20460 

phone: 202.566.0788 

room 5233H 

<PFOS HA 02 26 2016.docx> 
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To: 
From: 
Sent: 
Subject: 

EPA-HQ-2016-005679 06/14/2017 

Donohue, Joyce[Donohue.Joyce@epa.gov]; Wood, Carol S.[woodcs@ornl.gov] 
Strong, Jamie 
Fri 2/26/2016 7:26:16 PM 
FW: PFOS and PFOA documents for ATSDR review 

From: Jones, Steve 
Sent: Friday, February 26, 2016 2:25PM 
To: Behl, Betsy <Behl.Betsy@epa.gov>; Strong, Jamie <Strong.Jamie@epa.gov> 
Cc: Scozzafava, MichaelE <Scozzafava.MichaelE@epa.gov> 
Subject: FW: PFOS and PFOA documents for ATSDR review 

From: Abadin, Henry (ATSDR/DTHHS/ETB) L==~·=~===--'-3 
Sent: Friday, February 26, 2016 1:22PM 
To: Jones, Steve 
Cc: Forrester, Tina (ATSDR/DCHI/OD) Moore, Susan (ATSDR/DCHI/SSB) 

Chou, Selene (ATSDR/DTHHS/ETB) Worley, Rachel R. 
(ATSDR/DCHI/SSB) McLanahan, Eva (ATSDR/DCHI/OD) 

Subject: RE: PFOS and PFOA documents for A TSDR review 
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From: Jones, Steve L. (EPA) (CDC epa.gov) 
Sent: Friday, February 19, 2016 10:41 AM 
To: Moore, Susan (ATSDR/DCHI/SSB) Abadin, Henry 
(ATSDR/DTHHS/ETB) Chou, Selene (ATSDR/DTHHS/ETB) 

Cc: Forrester, Tina (ATSDR/DCHI/OD) 
Subject: FW: PFOS and PFOA documents for ATSDR review 
Importance: High 
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From: Behl, Betsy 
Sent: Friday, February 19, 2016 10:26 AM 
To: Jones, Steve 
Cc: Scozzafava, MichaelE 

Subject: PFOS and PFOA documents for A TSDR review 
Importance: High 

Steve, 

Strong, Jamie 

Here are the internal review drafts of the HESDs for PFOA and PFOS and the PFOA HA. These 
were the versions sent internally at EPA for review (we are currently revising the HESDs and 
awaiting comments on the HA). 

We are requesting that A TSDR focus comments on two issues: the selection of the critical study 
and the exposure scenario used to derive the HA. The dose-response sections of the HESDs 
(section 5.0) and section 6.0 of the HA for PFOA are especially germane to this review. We 
will send you the draft PFOS HA document by early next week. We are requesting review within 
a week of today (2/25/16). Please do not cite or distribute these documents as they are still in 
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development. 

Many thanks in advance for the review. 

Betsy 
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To: 
From: 
Sent: 
Subject: 

EPA-HQ-2016-005679 06/14/2017 

Strong, Jamie[Strong.Jamie@epa.gov]; Donohue, Joyce[Donohue.Joyce@epa.gov] 
Wood, Carol S. 
Thur 2/25/2016 6:11:37 PM 
PFOS HA 
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To: 
From: 
Sent: 
Subject: 

EPA-HQ-2016-005679 06/14/2017 

Strong, Jamie[Strong.Jamie@epa.gov]; Donohue, Joyce[Donohue.Joyce@epa.gov] 
Ramasamy, Santhini 
Wed 2/24/2016 12:26:53 PM 
PFOA article 

FYI-In case you did not come across this, here is Inside EPA article that appeared 
today 

February 23, 2016 

EPA is facing a push to immediately disclose and address elevated levels of 
perfluorooctanoic acid (PFOA) in affected communities across the country, 
following the agency's recent decision to tighten its unenforceable health 
advisory level that EPA is using for drinking water contaminated with PFOA in a 
New York community. 

The call responds to EPA's decision in a Jan. 28 statement to advise residents of 
the Hoosick Falls, NY, community not to consume drinking water from private 
wells with levels of the perfluorinated chemical (PFC) PFOA above 100 parts per 
trillion (ppt), or 0.1 parts per billion (ppb). The agency said that at the New York 
site it is not waiting for finalization of its health advisory for chronic exposure of 
PFOA in drinking water before applying the 0.1 ppb value-- which is a more
stringent level than its existing short-term exposure advisory level of 0.4 ppb for 
the chemical. 

An EPA Region 2 official the region, which includes New York, is in the 
early stages of an effort to identify other locations with similar drinking water 
contamination, and will likely apply the 0.1 ppb value at those sites. 

New York officials have also called on EPA to nationally address PFOA 
contamination by lowering its health advisory for the chemical and expeditiously 
adopting an enforceable drinking water standard for it. 

In response to the various EPA actions, Robert Bilott --an attorney with the law 
firm Taft Stettinius & Hollister-- is asking EPA in to assess 
communities across the country with elevated levels of PFOA. Bilott has 
represented thousands of West Virginia and Ohio plaintiffs potentially exposed to 
PFCs in their drinking water from a West Virginia plant owned by DuPont. 

Bilott points to EPA's Jan. 28 statement indicating the agency is continuing to 
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work on a lifetime health advisory level for PFOA but is also now recommending 
applying a 0.1 ppb safety level for Hoosick Falls. 

"Thus, at a minimum, it appears that EPA has revised its guideline for short-term, 
temporary exposures to PFOA in drinking water from 0.4 ppb to 0.1 ppb," Bilott 
says in the letter, addressed to EPA Administrator Gina McCarthy. 

"What is not clear, however, is the extent to which members of the public 
exposed to levels of PFOA exceeding 0.1 ppb in different areas across the 
country (particularly those with long-term, 'lifetime' exposures) have been 
informed of those exposures or have seen the EPA's recommendation to use 
bottled water or some other alternative water source in those situations," Bilott 
writes. 

Toxicity Data 

The 0.1 ppb level stems from an EPA PFOA toxicity report that underwent 
external peer review in 2014 and identified a toxicity value for the chemical that 
would result in a lifetime health advisory of 0.1 ppb, an EPA spokeswoman told 
Inside EPA in a Jan. 29 statement. She stressed that EPA has not yet finalized 
the figure as its lifetime health advisory for the chemical but decided to "share the 
best available science to protect public health" in the New York case and is using 
the figure "out of an abundance of caution." 

Bilott points out his firm has been pressing EPA for nearly 15 years to address 
what he says is a substantial and imminent threat to human health and the 
environment posed by PFOA in drinking water supplies. 

In the letter, he points to to EPA where he highlighted contaminant 
data stemming from EPA's third Unregulated Contaminant Monitoring Rule 
(UCMR) that shows the presence of PFOA exceeding the UCMR reporting level 
in a number of public water supplies. Under the third UCMR, EPA required public 
water systems to report from 2013 to 2015 on PFOA occurrences, among 29 
other emerging contaminants, in drinking water above the minimum reporting 
level (MRL) of 0.02 micrograms/liter, which in this case is equivalent to 0.02 ppb. 

The data indicates a number of locations with levels of PFOA exceeding 0.05 
ppb --a level at which an independent C-8 scientific advisory panel found 
probable links between PFOA, also known as C-8, and six adverse health 
impacts including kidney and testicular cancer as well as other conditions. 
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PFOA in their water during the 2013-2015 collection period. The list is attached 
to his letter, and shows some instances where the levels are between 0.4 ppb 
and 0.1 ppb --the new figure EPA is now pointing to as a health advisory level 
for the New York site. 

"As noted in our prior correspondence, we request that EPA take those steps 
necessary to immediately and properly disclose, investigate, and address 
elevated levels of PFOA in impacted communities, whether reflected in elevated 
drinking water exposures or elevated blood levels," Bilott says in the Feb. 16 
letter. 

An EPA spokesman did not respond by press time to questions about Bilott's 
request. 

Consent Order 

Bilott also contends EPA should revise a March 2009 consent order with DuPont 
to incorporate the new 0.1 ppb guideline for PFOA in drinking water, given there 
have been recent detections of PFOA exceeding that level in at least one 
community-- Vienna, WV --affected by the order. 

The 2009 consent order between EPA and DuPont, aimed at addressing drinking 
water contamination from DuPont's Washington Works plant in West Virginia, 
includes EPA's provisional health advisory of 0.4 ppb, requiring DuPont to 
provide clean water to the community if it is exceeded. 

Bilott, on behalf of thousands of citizens living around the Washington Works 
plant, settled a class-action lawsuit against DuPont over PFOA exposures 
stemming from the plant, and is now prosecuting personal-injury cases filed by 
members of the class against the company, according to his law firm. -- Suzanne 
Yohannan (syohannan@iwpnews.com) 

189056 
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Journal of Exposure Science and Environmental Epidemiology(2011) 21, 150--168 
r 2011 Nature America, Inc. All rightsreserved1559-0631/11 

www.nature.com/jes 

An assessment of the exposure of Americans to perfluorooctane sulfonate: 
A comparison of estimated intake with values inferred from N HANES data 

PETER P. EGEGHYa AND MATTHEW LORBERb 

8 0fficeof Research and Development, U.S. EnvironmentaiProtectionAgency, National Exposure Research Laboratory, 109 TW Alexander Dr. 
(MD E205-04), Research Triangle Park, North Carolina 27711, USA 
bOfficeof Research and Development, U.S. EnvironmentaiProtectionAgency, 1200 PennsylvaniaAvenue, NW, Washington,Districtof Columbia20460, 
USA 

To betterunderstandhumanexposureto perfluorinatedcompounds(PFCs), a model that assessesexposureto perfluorooctane;ulfonate(PFOS) and its 
precursors from both an intake and a body burden perspective and combines the two with a simple pharmacokinetic (PK) model is demonstrated. 
Exposure pathways were modeled under ''typical'' and ''contaminated' 'scenarios, for young children and adults. A range of intakes was also estimaEd 
from serum concentrations of PFOS reported in the National Health and Nutrition Examination Survey (N HANES) using a first-order 1-compartment 
PK model. Total PFOS intakes (medianssummed over all pathways) were estimated as: 160 and 2200 ng/day for adults and 50 and 640 ng/day for 
children under typical and contaminated scenarios, respectively. Food ingestion appears to be the primary route of exposure in the general population. 
For children, the contribution from dust ingestion is nearly as great as from food ingestion. Pathway-<>pecific contributions span several orders of 
magnitudeand exhibitconsiderableoverlap. PK modelingsuggestscentral tendencyPFOS intakes for adults range between 1.6 and 24.2ng/kg-bw/day, 
and the forward-based intake estimates are within this range. The favorable comparison reported between the forward-modeled and the back-calculated 
range of intake predictions lends validity to the proposed framework. 
Journal of Exposure Science and Environmental Epidemiology (2011) 21, 150-168; doi:10.1038/jes.2009.73; published online 10 February 2010 
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Introduction 

Although completely anthropogenic, perfluorinated com
pounds (PFCs) are found ubiquitously in marine and 
terrestrial animals (Giesy and Kannan, 2001 ). Animal 
toxicity studies have shown reproductive, developmental, 
and immune effects (Lau et al., 2007). The most widely 
known PFCs are the C8-chemicals: perfluorooctanesulfo
nate (PFOS) and perfluorooctanoic acid (PFOA), which 
have been found to persist in the environment and are not 
currently known to degrade by biotic or abiotic means (EPA, 
2002a, b). Because PFOA and PFOS themselves are 
relatively non-volatile, their occurrence in remote regions is 
believed to be the result of either translocation by oceanic 
transport and rain events or atmospheric transport of the 
relatively more volatile precursors (e.g., 8--2 fluorotelomer 
alcohol (FTOH) and N-ethyl perfluorooctane sulfonami-
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doethanol (EtFOSE)) that are later transformed (including 
metabolically by animals and microbes) into the terminal 
compounds(3M, 1999; Martinet al., 2002; Elliset al., 2004; 
Stock et al., 2004; Nabbet al., 2007). Potential precursorsof 
PFOA and other perfluorocarboxylates are commonly 
thought to include the FTOHs. Potential precursors of 
PFOS are commonly thought to include perfluoralkyl 
sulfonamides and sulfonamidoethanols (FOSAs/FOSEs) 
such as MeFOSA (N-methyl perfluorooctane sulfonamide), 
EtFOSA (N-ethyl perfluorooctane sulfonamide), MeFOSE 
(N-methyl perfluorooctane sulfonamidoethanol), and 
EtFOSE (Shoeib et al., 2005; Nabb et al., 2007). 

With useful surfactant properties, PFCs are used exten
sively in the enginrering and chemical, electronics, and 
medical industries, and production has increased substan
tially in the past few years (Lewandowski et al., 2006). 
Potential sources of exposure to PFOA and PFOS include 
direct industrial releas:s into air and water, intentional and 
unintentional releas:s of fire-fighting foam, long-range 
atmospheric transport and subsequent biotransformation 
and degradation of precursors, release from consumer 
products (including non-stick cookware, waterproof breath
able textiles, electronics, and oil- and stain-protectivecoat
ings for carpets, apparel, and food containers), and release 
from degradation of telomer-based polymers (Giesy et al., 
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2006). PFOA is a surfactant used in the manufacturing of 
fluoropolymers and has been measured at low levels in 
finished consumer articles (Sinclair et al., 2007). Potential 
exposure media for PFOA, PFOS, and the precursors include 
air, dust, water, and food (possibly through migration from 
food packaging and cookware). Difficulties in measuring 
trace amounts of PFOS and other PFCs in the past have 
hindered the measurements in environmental media (Hansen 
et al., 2002). As a result, data on environmentalconcentra
tions in the United States, particularly in indoor environ
ments, are sparse, and understanding the pathways of human 
exposure remains a challenge. 

Geographically, proximity to industry appears to be an 
important determinant of exposure for some populations, 
with serum levels of PFOS and precursors higher in urban 
than in rural areas(Martinet al., 2002; Gurugeet al., 2005), 
and serum levels of PFOS and PFOA higher in locations 
with known surface water and drinking water contamination 
(Harada et al., 2004; Emmett et al., 2006). Emmett et al. 
(2006) detected PFOA in public and private drinking water 
supplies near a Washington, WV fluoropolymer manufactur
ing facility and reported an average PFOA concentration of 
3.55rrg/ml (range: 1.5-7.2rrg/ml) in the Little Hockingwater 
distribution system from 2002 to 2005. This is about three 
orders of magnitude higher than what others have reported in 
drinkingwater (Sasaki et al., 2003; Holzeret al., 2008). The 
authors reported mean serum PFOA levels of 775 ng/ml for 
those with known occupational exposures and 329 ng/ml for 
those in the community with no known occupational 
exposures. These levels were about 50 to 100 times higher 
than the mean serum PFOA levels (6 ng/ml) for a 
comparison group in Philadelphia. Those who reported 
drinking Little Hocking system water had mean levels about 
four times higher than in those who did not (320--374 vs 
71-79ng/ml, respectively),suggestinga clear drinking water 
ingestion exposure pathway. However, even those who did 
not report drinking the municipal water had a mean level 
more than 10 times higher than the mean of the reference 
population, suggesting other exposure pathways, including 
inhalation and dietary exposures (Emmett et al., 2006). 
Differences in patterns of PFC exposure between human and 
wildlife raise the possibility that consumption of fish and 
mammals may not be the major source of exposure in 
humans (Houdeet al., 2006). 

Few studies have attempted to quantify total human 
exposure for this class of compounds. The recent compre
hensiveevaluationof Trudelet al. (2008) shedssome I ight on 
the exposure of Europeans and North Americans to PFCs. 
They conducted an extensive exposure ass:ssment consider
ing pathways of exposures, exposure contact rates, and 
published exposure media concentrations for PFOS and 
PFOA to calculate intakes for Europeans and North 
Americans. They used a 1-compartment, first-order phar
macokinetic (PK) model for adult exposures only. They 
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derived intake doses starting from measurements of PFOS 
and PFOA in the blood of adults, and compared those 
intakes to the exposure pathway-based intakes. 

The most comprehensive description of current general 
population blood concentrations of PFCs in Americans is 
provided by Calafat et al. (2007). A total of 2094 serum 
samples from participants in the National Health and 
Nutrition ExaminationSurvey (N HANES) 2003--2004 were 
measured for 11 PFCs. Four of these were detected in greater 
than 98% of the samples: PFOS, PFOA, perfluorohexane 
sulfonate, and perfluorononanoic acid (PFNA). Neither the 
2003--2004 nor the 1999--2000 (Calafat et al., 2007) data 
suggest a difference among age groups. There appears, 
however, to be a clear sex difference for all compounds 
(males have higher concentrations than females), and a 
difference among ethnicities was also identified (Mexican 
Americans had the lowest concentrations of all PFCs in both 
NHANES examinations). Some other differences between 
non-H ispanicblacksand non-H ispanicwhiteswere identified 
that were a function of age, but resultsbetween non-Hispanic 
blacks and non-Hispanic whites were fairly similar overall 
(Calafatet al., 2007). 

The effort in ourstudymirrorsthatof Trudelet al. (2008), 
but it applies some different approaches for modeling intake 
and examines more of the available data specific to 
Americans. Also, this study carefully examines the areas of 
uncertainty in characterizing exposure of Americans to 
PFCs. The overall strategy for exposure evaluation used in 
this study, and also as studied by Trudel et al. (2008), is 
depicted in Figure 1. First, information on exposure is 
gathered on both ends of the study F on the occurrence of the 
contaminant in exposure media, and on the occurrence of the 
contaminant in human tissues. This information on media 
concentration levels is then combined with exposure contact 
information to estimate the exposure intake levels. Concur
rently, toxicokinetic data are gathered to prepare for PK 
modeling. These lines of inquiry and study meet at the 
juncture of PK modeling. Intake quantities can be converted 
to body burdens with the use of such models in a "forward" 

Compile data on 
I Compile data on I 

body burdens 
exposure media + concentrations 

~ 
Develop representative 
body burden congener 

Develop representative 
profiles 

congener profiles in I Compare the media 

l 
Convert intake dose to body 

Combine media burden, or body burden to 
concentrations intake dose, using simple 1st 

with exposure factors to order 1-compartment PK model 
estimate intake dose Compare 

Figure 1. Generalized approach to assessing exposure that is 
demonstrated in this paper. 
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modeling approach, and then predicted tissue concentrations 
can be compared with measured tissue concentrations. 
Alternatively, PK models are used to "back-calculate" 
intake quantities given tissue concentration levels, and these 
can then be compared with separately modeled intake 
quantities. 

The U.S. Environmental Protection Agency (EPA) Office 
of Pollution Prevention and Toxics (OPPT) has bEen 
assessingPFCs since 1999, prompted by concerns over their 
potentially toxic properties and widespread presence in the 
environment. After negotiations between EPA and the only 
U.S. manufacturer of PFOS, the company voluntarily 
completed a phase out of PFOS chemistry in 2002, and 
EPA issued Significant New Use Rules in 2000 and 2002 to 
restrict the return of PFOS-related chemicals to the U.S. 
market (EPA, 2002a). Subsequent EPA efforts have focused 
on PFOA and fluorinated telomers, with EPA establishing an 
enforceableconsent agreement negotiation process in 2003 
for OPPT to obtain data on the sources of PFOA in the 
environment and the pathways leading to human and 
environmental exposures. The EPA's Office of Research 
and Development (ORO), in close collaboration with OPPT, 
has been conducting research in several areas, including 
telomer biodegradation, toxicology and PKs, analytical 
techniques development, and aged article analysis. The 
research presented in this article was initiated independently 
and used available data published in the peer-reviewed 
scientific literature. The authors recommend that as addi
tional relevant data become publicly available, they be used 
to evaluate these research results. 

In this study, we review exposure media and body burden 
data on PFCs, with an emphasis on published reports of 
exposures in the United States. Then, we demonstrate the 
approach of Figure 1 on one of the PFCs of interest, PFOS, 
as well as key precursorsto PFOS, FOSEs/FOSAs. Initially, 
we describe pathways of exposure that would exist in three 
distinct scenarios characterized by differences in exposure 
media concentrations: (1) general background for PFOS, 
(2) an area highly impacted by PFOS as characterized by 
elevated concentrations in water to which individuals are 
exposed, and (3) general background for alkyl perfluorooc
tane sulfonyl precursors. We quantify estimates of exposures 
to an adult and a 2-year-old child in each scenario, and 
obtain pathway-specific as well as total intakes of PFOS and 
its precursors. Concurrently, we characterize adult back
ground blood concentrations of PFOS, and using the PK 
model, we back-calculate a range of intake doses that might 
have resulted in this adult body burden. Finally, we compare 
the back-calculated range of intake predictions to a range of 
forward-modeled intakes for the adult in a background setting. 

We examine the variability of possible intakes by 
incorporating the range of concentrations found in the intake 
estimates. We discuss the limitations and uncertainties of the 
exposure media data and discuss further the need to continue 
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efforts to more fully quantify this variability. With regard to 
PK modeling, the issue is one more of uncertainty than 
variability, both in regard to the selection of the model used 
and the assignment of parameters for that model. We discuss 
issues associated with these uncertainties. Rather than answer 
all questions about exposure of Americans to PFCs, we hope 
to better frame the issue using the paradigm shown in 
Figure 1 and to identify gaps in our understanding of sources 
and pathways of exposure. 

Methods 

Compilation of Exposure and Biological Data 
Available data on PFC concentrations in environmental 
exposure media and in human biological media were 
extracted from published, peer-reviewed journals and gov
ernment agency reports, and to a very small extent from 
various public U.S. Federal Dockets related to PFCs. 
Although compiled, data from non-peer-reviewed sources 
were not included in the modeling. Although data were 
compiled and displayed for PFOS, PFOA, and other PFC 
compounds, discussions below focus only on PFOS. 

PFOS Exposure Intake EstimatES 
Table 1 provides an overview of the methods used to calculate 
exposure including exposure factors and sources of assumed 
concentrations for PFOS and precursors MeFOSE, Et
FOSE, MeFOSA, and EtFOSA. Aggregateexposureswere 
estimated by a deterministic methodology consistent with 
EPA Guidelines for Exposure Assessrrent (EPA, 1992). 
Instead of using point estimates to represent potential 
exposures to all members of a population subgroup, 
distributions of media-specific concentrations culled from 
peer-reviewed scientific literature were used to more realisti
cally represent the potential range of exposures along each 
pathway. Such analysis using distributions is more robust 
than that using central tendency alone because it allows 
examination of the entire range of environmental concentra
tion data, comparisonat variouspercentilesof interest(e.g., 
95th percentile), and assessment of areas of overlap among 
pathways. Furthermore, it produces a more sophisticated 
assessment by allowing for the possibility that the "dominant 
pathway" may vary by individual within a sub-population. 

The following procedure for generating distributions was 
used to characterize concentrations in dust, water, and air. 
Because environmental sampling data are typically lognor
mally distributed (Esmen and Hammad, 1977), only 
lognormal distributions of values were created. Mathematical 
relationships among the parameters of lognormal distribu
tions, as summarized by Strom and Stansbury (2000), were 
applied to the available summary statistics reported in the 
scientific I iterature to estimate a geometric mean ( G M) and a 
geometric standard deviation (GSD). When the only 
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Tclle 1. Data sources and assumptions used to EStimate intakes. 

Exposure parameters Source of data for exposure scenario 

Dust ingestion. ng/day. lntake%Conc1 IR1 AF 
Concentration data (Cone): ng/g dust 
Ingestion rate (I R ): 0.1 g dust/day (child) 

0.05g dust/day (adult) 
G I Absorption fraction (AF): 0.9b 

Dermal absorption of dust, ng/day. lntake%Conc1 
Concentration Data (Cone): ng/g dust 
Dust load (D L): 3.55g dust!m2 

Transfercoefficient(TC): 0.06m2/h 
Time-performingactivity (T): 10 h/day 
Dermal absorption fraction (AF): 0.048% 0 

Water ingestion, ng/day. Intake% Conc1 V 1 AF 
Concentration data (Cone): ng/1 

Volumeconsumed (V): 0.41/day (child) 
1.411/day (adult) 

G I Absorption fraction (AF): 0.9b 

Typical 

Strynar and Lindstrom (2008) 
Lorber (2008) 
Lorber (2008) 
Estimate 

DL1 TC1 T1 AF 
Strynar and Lindstrom (2008) 
Pang et al. (2002) 
Cohen Hubal et al. (2008) 
Estimate 
Fasano et al. (2005) 

Boulangeret al., 2005; Sinclair 
et al., 2008; Nakayamaet al., 2007 
EPA (2008) 
EPA (1997) 
Estimate 

Inhalation outdoor air, ng/day. lntake%Conc1 R1 T1 AF 
Concentration data (Cone): ng/m3 Kim and Kannan (2007) 

Inhalation rate (R): 6.8m3/day (child) 
13.3m3/day (adult) 

Fraction of time-performing 
activity(T): 5h/day%0.208 (child) 

3 h/day%0.125 (adult) 
Absorption fraction (AF): 0.5 

Inhalation indoor air, ng/day. Intake% Conc1 
Concentration data (Cone): ng/m3 

Inhalation rate (R): 6.8m3/day (child) 
13.3 m3/day (adult) 

Fraction of time-performing 
activity(T): 19h/day% 0.792 (child) 

21 h/day%0.875 (adult) 
Absorption fraction (AF): 0.5 

Dietary ingestion, ng/day. lntake%Est1 AF1 BW 
Estimate (Est), Canada: ng/kg/day 
Body weight (BW): 13 kg (2-year-old child) 

71.8 kg (adult) 
G I Absorption fraction (AF): 0.9b 

a Assumes purely indoor sources of dust concentration. 

EPA (2008) 
EPA (1997) 

Lorber (2008) 
Estimate 

20 times outdoord 

EPA (2008) 
EPA (1997) 
Lorber (2008) 

Estimate 

Tittlemieret al. (2007) 
EPA (2008) 
EPA (1997) 
Estimate 

Contaminated 

Strynar and Lindstrom (2008)a 
Lorber (2008) 
Lorber (2008) 
Estimate 

Strynar and Lindstrom (2008)a 
Pang et al. (2002) 
Cohen Hubal et al. (2006) 
Estimate 
Fasano et al. (2005) 

Moody et al. (2003) 

EPA (2008) 
EPA (1997) 
Estimate 

Kim and Kannan (2007) 

EPA (2008) 
EPA (1997) 

Lorber (2008) 
Estimate 

20 times outdoord 
EPA (2008) 
EPA (1997) 
Lorber (2008) 

Estimate 

Tittlemieret al. (2007) 
EPA (2008) 
EPA (1997) 
Estimate 

b High absorption based on evidence of substantial enterohepatic circulation (based on gavage studies of rodents). 
00n the basis of the APFO across human skin (Fasano et al., 2005). 
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Precursors 

Shoeib et al. (2005) 
Lorber (2008) 
Lorber (2008) 
Estimate 

Shoeib et al. (2005) 
Pang et al. (2002) 
Cohen Hubal et al. (2008) 
Estimate 
Fasano et al. (2005) 

Boulangeret al. (2004) 

EPA (2008) 
EPA (1997) 
Estimate 

Shoeib et al., 2005; Stock 
etal.,2004; Martinetal.,2002 
EPA (2008) 
EPA (1997) 

Lorber (2008) 
Estimate 

Shoeib et al. (2005) 
EPA (2008) 
EPA (1997) 
Lorber (2008) 

Estimate 

Boulangeret al. (2004) 
EPA (2008) 
EPA (1997) 
Estimate 

dThe assumption that PFOS concentrations in indoor air are 20 times higher than in outdoor air is based on indoor and outdoor levels of perfluorinated alkyl 
sulfonamide reported by Shoeib et al. (2005). 

available parameters were a maximum value and either a 
median or mean, a distribution with a 99th percentile equal 
to the reported maximum was created. This extrapolation of 
distributions from summary statistics introduces modeling 
error of a small, but unknown, amount into the analysis. For 
concentrations of PFOS in dust, the actual measurement 
values reported in the Strynar and Lindstrom (2008) study 
were generously provided by those authors for use in this 
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analysis. Point estimates of contact rate values were 
combined with the concentration distributions to model dust 
ingestion, dermal absorption of dust, water ingestion, and 
indoor and outdoor air inhalation. 

However, a slightly different procedure was used for food 
ingestion. For this pathway, the final intakes of PFOS 
generated by Tittlemieret al. (2007) in their comprehensive 
ass:l5Sment of the dietary exposure of Canadians to 
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perfluorocarboxylates and PFOS wa:. used. Specifically, a 
total of 54 composite food samples taken a:. part of the 
Canadian Total Dietary Survey were analyzed for PFCs. 
They combined concentrations with intake estimates of the 
foods to determine total dietary intakes. The G Ms of PFOS 
dietary intakes for adults and children were taken from this 
reference, and then a distribution around each mean wa:. 
created using GSDs in food concentration surveys as 
reported by Frommeet al. (2009) for German diets and by 
Mortimeret al. (2006) for English diets. 

Route-specificPFOSand precursorintakeswereestimated 
under three separate exposure scenarios. Note that both the 
2-year-old child and the adult a remodeled for each scenario. 
The three scenarios were a:. follows: 

(1) Intake of PFOS under typical exposure conditions: The 
pathways considered include ingestion of food, water, 
and dust; inhalation of indoor and outdoor air; and 
dermal absorption of surface residues. All available (a:. 
searched through the online PubMed database) pub
lished exposure media concentrations representative of 
background conditions in the United States were 
examined. Key data sources included Canadian food 
intakes from Tittlemieret al. (2007) and concentrations 
in dust from North Carolina and Ohio reported by 
Strynar and Lindstrom (2008). Outdoor air concentra
tions were based on values measured in Albany, NY and 
reported by Kim and Kannan (2007). Indoor air 
concentrations were assumed to be 20 times higher than 
outdoor; this assumption was based on data from Shoeib 
et al. (2005), who showed that average indoor FOSA 
concentrationswere 13--24 times higher than average 
outdoor concentrations. Background drinking water 
concentrations were unavailable, but with evidence of 
poor water treatment removal efficiencies (Takagi et al., 
2008), surface water concentrations were used a:. 
surrogates. Surface water concentrations from lakes 
and rivers in New York State (Sinclair et al., 2006) 
( Measurementsfrom Lake Onondaga, a Superfund site 
impacted by several industries, were excluded.), Lakes 
Erie and Ontario (Boulangeret al., 2005), and rivers in 
the Cape Fear River Drainage Basin of North Carolina 
(Nakayamaet al., 2007) were averaged. Recommended 
exposurecontact rates for adultsand for 1- to 2-year-old 
toddlers were obtained from EPA's Exposure Factors 
Handbook (EPA, 1997) and Child-Specific Exposure 
Factors Handbook (EPA, 2008), respectively. 

(2) Intake of PFOS in highly contaminated environments: 
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This scenario wa:. similar to the background scenario 
above with the exception that water concentrations were 
much higher than background. Water concentrations 
were derived from conditions observed in groundwater 
near a Minnesota perfluorochemical facility and a 
Michigan facility used for fire-fighting training (5 years 
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after the cessation of activities). Specifically, ATSDR 
(2008) reportedconcentrationsof PFOSfromsix wells in 
Lake Elmo and Oakdale, M N that averaged 465 ng/1, 
and Moody et al. (2003) reported a median concentra
tion of 15rrg/l, nearly three orders of magnitudeabove 
the background water concentrations of 21 ng/1 used in 
the typical scenario above, in well water in Oscoda 
Township, MI. Concentrations in this scenario are 
intended to represent only the most highly contaminated 
sites rather than all industrial sites. 

(3) Intake of common FOSA precursors to PFOS in a typical 
setting: This scenario used average contact rates a:. in the 
first scenario above, but used available information on 
the distribution of background concentrations of the 
PFOS precursors, principally FOSEs/FOSAs. Biotrans
formation of these compounds represents an indirect but 
potentially substantial source of exposure to PFOS 
(D'eon and Mabury, 2007). The intakes of these 
precursors in food came from Tittlemier et al. (2006); 
the water concentrations (including perfluorooctane 
sulfonamidoacetic acids) were from Boulanger et al. 
(2004); the dust concentrationsfromShoeibet al. (2005); 
and the outdoor and indoor air concentrations were from 
Martinet al. (2002), Stock et al. (2004) (Measurements 
from the Griffin, GA sampling site were excluded 
because the area is known to be impacted by industrial 
contamination.),and Shoeib et al. (2005). 

PFOS PK Modeling 
A simple, single compartment, first-order PK model that 
predicts concentrations in blood serum a:. a function of dose, 
elimination rate, and volume of distribution is used in this 
study. This model was used for adults and for typical 
background exposures only. This model is given as: 

dOCPP=dt :.4 DP01P=Vd L kPl CPo1P o1P 

whereCP istheserumconcentration(ng/ml), DP isthedaily 
absorbed dose (ng/kg-bw/day), Vd is the volume of 
distribution (ml/kg), and kP is the first-order elimination 
rate in the body (1/day). Simplisticallyassumingsteadystate 
conditions exist, one can ea:.ily solve for intake dose a:.: 

DPY.!CPl kPl Vd 02:> 

This steady state solution is used in this study. This 
implies that background exposures have been occurring for 
adults for a reasonably long period of time such that an 
a:.sumption of steady state is reasonable. Besides this 
simplicity, discussions later in the paper focus on other issues 
a:.sociated with the toxicokinetics of PFCs and the appro
priateness of the 1-compartment, first-order model. This 
approach ha:. been used extensively to model PFCs in 
humans (Haradaet al., 2003; Washburnet al., 2005; Sinclair 
et al., 2006; Trudel et al., 2008; Veronicaet al., 2008; Lou 
et al., 2009), and its useherebuildson theexperienceof these 
other researchers. 
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F rommeet al. (2007) used the model to predict i ntakedose 
given plasma conrentrations of PFOS and PFOA for 31 
study subjects. They used a median half-lifeof 1661 days for 
PFOS, derived from the single study that calculated human 
dissipation rates from an occupational cohort (Olsen et al., 
2007a). Noting that there were no data on volume of 
distribution in humans, they used a value of 220 ml/kg for 
PFOS in accordanrewith use of this value by Andersen et al. 
(2006) for PK modeling in monkeys. Trudeletal. (2008) also 
used the 1-compartment, first-order PK model for adult 
exposures. Their volume of distribution term came from 
subchronicmonkeystudies(Griffithand Long, 1980; Noker, 
2003) and was assigned low, intermediate,and high values of 
1300, 3600, and 6000ml/kg. These are about an order of 
magnitude higher than assumed by Fromme et al. (2007). The 
half-liveswere taken from a European Hazard Assessment 
(OECD, 2002) and were 800, 3200, and 7800 days (low/ 
intermediate/high)for PFOS. Theseinputsaresimilarto the 
ones used by F rommeet al. (2007). Haradaet al. (2003) used 
subchronicmonkeystudies(Seacatet al., 2002) to arriveat a 
volume of distribution of 300ml/kg, and used occupational 
data developed earlier by Olsen et al. (1999) to assume that 
theeliminationhalf-lifewas between 1000 and 2000 days. 

Parameters required to model PFOS in this paper include 
the first-order elimination rate, kP, and the volume of 
distribution for PFOS in serum, Vd. The first-order 
elimination rates for PFOS was assumed to be 0.00039 
1/day, based on the reported median half-life of about 4.8 
years from occupational exposures reported by Olsen et al. 
(2007a). With no available values for Vd based on human 
data, two bounding estimates were used, a "high" estimate of 
3000ml/kg and a "low" estimateof 200ml/kg for PFOS, 
based on the review of studies above. 

Results 

Compilation of Exposure Media Data 
A summary of exposure media conrentrations of PFCs from 
around the world is provided in Table 2. Most of the data 
available in the literature are focused on PFOS and PFOA. 
The FOSA and FOSE precursors to PFOS are included in 
the table, but the telomer alcohol precursors to PFOA are 
not included. A variety of exposure media are represented as 
follows: surfare and ground water, indoor and outdoor air, 
house dust, and food. Discussions below focus on PFOS. 

The most abundant measurement data appear to be in 
surfare waters, perhaps due to early interest in explaining 
transportto thearcticregions(Giesyand Kannan, 2001) and 
compelling evidenre of the contribution of contaminated 
drinking water to elevated blood levels (Haradaet al., 2003; 
Emmett et al., 2006; Skutlarek et al., 2006). Surprisingly, 
virtually no measurements of PFCs in tap water from areas 
not known to be contaminated are available (HO"Izer et al., 
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2008). Surface water concentrations from Lakes Erie and 
Ontario and lakes and rivers in the states of New York and 
North Carolina (Boulangeret al., 2005; Sinclairet al., 2006; 
Nakayama et al., 2007) were compiled to derive a median 
PFOS concentration of 21.4 ng/1 and a GSD of 2.6 for 
modeling typical water ingestion exposure among residents of 
the United States. As a point of comparison, the recently 
issued provisional health advisory value for PFOS was set at 
200ngll (EPA, 2009). A median of 7.4ng/l and a GSD of 
3.1 were used to model exposure to precursors (principally 
2-(perfluorooctane;ulfonamido )acetic acid for this pathway 
alone). 

While s:emingly plentiful measurements of conrentrations 
in air exist, typically only thevolatileprecursorsaremeasured 
(Martinet al., 2002; Shoeib et al., 2004, 2005; Stock et al., 
2004) or the measurements are from outside of North 
America (Sasaki et al., 2003; Harada et al., 2005; Barber 
et al., 2007; Jahnke et al., 2007a, b). As the meager data 
available for indoor PFOS are reported as below the limit of 
detection (Barber et al., 2007), indoor concentrationswere 
assumed to be 20 times outdoor values (Kim and Kannan, 
2007) based on the ratios for FOSAs and polybrominated 
diphenyl ethers reported by Shoeib et al. (2004). The 
values selected to model inhalation exposure were as follows: 
median of 2.2pg/m3 and GSD of 1.9 for outdoor PFOS, 
median of 44pg/m3 and GSD of 1.9 for indoor 
PFOS, median of 95 pg/m3 and GSD of 3.8 for outdoor 
fluorooctane precursors, and median of 2670pg/m3 and 
GSD of 1.8 for indoor perfluorooctanylsulfonyl precursors. 

PFOS measurements in house dust are available for both 
the United States (Strynar and Lindstrom, 2008) and 
Canada (Shoeib et al., 2005; Kubwabo et al., 2005), but 
these may not be representative of the general population 
because of the limited geographical locations from which 
environmental samples were collected. The values measured 
by Strynarand Lindstrom(2008), with a median of 201 ng/g 
and GSD of 5.4, were used forexposuremodelingof PFOS. 
A median value of 460ng/g and a GSD of 4.4 derived from 
Shoeib et al. (2005) were used for exposure modeling of 
fluorooctane precursors. 

Conrentrations in food are available from market basket 
surveys in Canada (Tittlemieret al., 2006, 2007) and Spain 
(Ericsonet al., 2008) and a duplicatedietstudy performed in 
Germany (Frommeet al., 2007). The Canadian researchers 
focused on those foods expected to have measurable levels 
and reported an average dietary intake of PFOS two to three 
times higher than that estimated by the Europeans. 
Detectable levels of PFOS and various precursors were only 
measured in a small fraction of the food groups. The highest 
PFOS levels were measured in the beef steak (2.7 ng/g) and 
marine fish (2.6 ng/g) composites (Tittlemier et al., 2007). 
The highest total perfluorooctane sulfonamide levels (up to 
27.3 ng/g) were measured in the fast food composites 
(Tittlemieret al., 2007) collected from 1992 to 1999. Median 
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Tclle 2 Media-specific concentrations of PFOA, PFOS, and precursors. 

Media, units Compound Median/mean Range Country Reference 

House dust, ng/g PFOS 24.5/200 11-2500 Japan M oriwaki et al. (2003) 
PFOA 165/380 69-3700 

House dust, ng/g PFOS 37.8/444 2.28--5065 Canada Kubwabo et al. (2005) 
PFOA 19.7/106 1.15-1234 
PFHS 23.1/392 2.28--4305 

House dust, ng/g PFOS 201/761 0 15-12100 USA Strynar and Lindstrom (2008) 
PFOA 142/296 0 15-1,960 

House dust, ng/g MeFOSE 113/412" 3.3-8860 Canada Shoeib et al. (2005) 
EtFOSE 138/2200" 1.4-75400 

Outdoor air, pg/m 3 PFOS (gas) 1.42/1.70 0.94-3.0 USA Kim and Kannan (2007) 
PFOS (particle) 0.66/0.64 0.35-1.16 
PFOA (gas) 2.86/3.16 1.89-6.53 
PFOA (particle) 1.57/2.03 0.76-4.19 

Outdoor air, pg/m 3 PFOS 5.3/6.7 (Urban)a 2.3-21.8 Japan Sasaki et al. (2003) 
0.6/0.67 (Rural)" 0 0.1-2.1 

Outdoor air, pg/m 3 PFOS NA/33 (Urban)b 7.1-51 NW Europe Barber et al. (2007) 
NA/0.34 (Rural)b ND-1.13 

PFOA NA/232 (Urban)b 15.7-455 
NA/6.4 (Rural)b 1.42-16 

Outdoor air, pg/m 3 PFOA 263 /372 (Urban )a 72-919 Japan Harada et al. (2005) 
2.0/2.0 (Rural)a 2.69-2.58 

Outdoor air, pg/m 3 PFOS NA/NA 0.4-1.6 Germany Jahnkeet al. (2007a) 
PFOA NA/NA 0 0.2-2.6 

Outdoor air, pg/m 3 MeFOSE NA/NA ND-50.5 NW Europe Barber et al. (2007) 
EtFOSE NA/NA ND-170 
MeFOSA NA/NA ND-8.9 
EtFOSA NA/NA ND-14.2 

Outdoor air, pg/m 3 MeFOSE NA/101 (Urban) 88--123 Canada Martinet al. (2002) 
NA/35 (Rural) 34-36 

EtFOSE NA/205 (Urban) 51-393 
NA/76 (Rural) 68--85 

Outdoor air, pg/m 3 MeFOSE NA/24 18--32 Toronto, Canada Jahnkeet al. (2007a) 
EtFOSE NA/9.1 8.5-9.8 

Outdoor air, pg/m 3 MeFOSE 82/83" 78--99 Toronto, Canada Shoeib et al. (2005) 
EtFOSE 88/88" 80-106 

Outdoor air, pg/m 3 Sulfamidesd 68/179 ND-1549 USA Stock et al. (2004) 
Canada 

49/105" ND-491° 
Outdoor air, pg/m 3 Sulfamides• NA/68 (Urban) 29-151 Germany Jahnkeet al. (2007b) 

NA/34 (Rural) 12-54 
Indoor air, pg/m3 PFOS NA/ o 47.4 NA Trom~ Norway Barber et al. (2007) 

PFOA NA/4.4 3.4-8.9 
Indoor air, pg/m3 MeFOSE NA/3300 667-8315 Toronto, Canada Shoeib et al. (2004) 

EtFOSE NA/880 289-1799 
Indoor air, pg/m3 MeFOSE 1490/1970' 366-8190 Toronto, Canada Shoeib et al. (2005) 

EtFOSE 744/1100" 227-7740 
EtFOSA 40/59" 5.94-646 

Indoor air, pg/m3 MeFOSE 6018/NAa 232-83045 Trom~ Norway Barber et al. (2007) 
EtFOSE 5755/NAa 2231-29340 
MeFOSA NA/1652 0120-8608 
EtFOSA NA/1657 0100-8626 

Drinking water, ng/1 PFOS 2.8/8.5 0.1-51 Japan Harada et al. (2003) 
Drinking water, ng/1 PFOS o2/NA o2-8 Germany Skutlarek et al. (2006) 

PFOA o2/NA o2-4 
Drinking water, contaminated, ng/1 PFOS 6.5/6.8 o2-22 Germany Skutlarek et al. (2006) 

PFOA 51/100 0 2-519 
Drinking water, contaminated, rrg/1 PFOA NA/3.6 1.5-7.2 USA Emmett et al. (2006) 
Residential water (well, spring, cistern) APFO 1.47/5.15 00.05-28.2 USA CRG (2005) 
contaminated, near DuPont fadlity, rrg/1 PFOA 2.45/6.80 0 0.05-27.1 
Well water, contaminated, rrg/1 PFOS 15/32 4-110 USA (AFB) M cody et al. (2003) 

PFOA 20/33 ND-105 
PFHS 36/50 9-120 
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Tclle 2 Continued 

Media, units Compound Median/mean Range Country Reference 

Well water contaminated, rrg/1 PFOS 179/413 ND-2300 USA (AFB) Schultzet aL (2004) 
Well water, contaminated, near 3M PFOS NA/0.47 0 0,15-1,41 USA A TSD R (2008) 
faci I ity, rrg/1 PFOA NA/0,38 0 02-1,02 

PFHxA NA/0, 14 o0,06--0A7 
PFBA NA/1.1 0 0,14-2,15 

Well water, public supply, APFO 0,57/4,6 0 0,01-100 USA CRG (2005) 
contaminated, near DuPont facility, rrg/1 PFOA 2,1/8,6 0,3-71,9 
Groundwater, contaminated APFO 15,8/2980 0 0,01-305500 USA CRG (2005) 
near DuPont facility, rrg/1 PFOA 2,5/18,8 2,0-71,9 
Surface waters, ng/1 PFOS 28,9/312 01-132 USA Nakayamaet aL (2007) 

PFOA 12,6/43,4 01-287 
PFHS 5,66/729 01-35,1 
PFBS 2.46/2,58 01-9,41 

Surface waters, ng/1 PFOS NA/48 (NA/327 )1 0,8--1090 (0,8--30)1 USA Sinclair et aL (2006) 
PFOA NA/23 (NA/22)1 10-173 (10-173)1 

Surface waters, ng/1 PFOS NA/43 11-121 USA, Canada Boulanger et aL (2005) 
PFOA NA/39 15-70 

Surface waters, ng/1 PFOS 36,5/43,3 11-121 USA Boulangeret aL (2004) 
PFOA 39,5/40,3 15-70 
PFOSulfinate 0,45/2,9 0-18 
PFOSAA 0/0,5 0-6,5 
N-EtFOSAA 7,3/6,6 0-11 
FOSA 0,95/0,91 0-2,3 

Surface waters, contaminated near APFO 15/163 0 0,01-4400 USA CRG (2005) 
DuPont facility, rrg/1 PFOA 10,5/35,3 00,05-224 
River water, contaminated, ng/1 PFOS 111/114 74,8--144 USA Hansen et aL (2002) 

PFOA 379/394 140-598 
River waters, ng/1 PFOS NA/NA 2,6-17 USA Kannan et aL (2005) 

PFOA NA/NA 4,4-22 
River waters, ng/1 PFOS 2,37/NN 02-157 Japan Saito et aL (2003) 
Coastal water, Tokyo Bay, ng/1 PFOS NA/26 8--59 Japan Taniyasuet aL (2003) 
Coastal water, ng/1 PFOS NA/NA 0,09-3,1 Hong Kong So et aL (2006) 

PFOA NA/NA 0,73-5,5 
Coastal water, ng/1 PFOS NA/NA 0,04-730 Korea So et aL (2006) 

PFOA NA/NA 024-320 
Rainwater, ng/1 PFOS NA/0,59 NA Canada Loewen et aL (2005) 
Rainwater, ng/1 PFOS 2.47/2,09 0,83-2,97 Nordic Europe Kallenborn et aL (2004) 

PFOA 15,1/14,0 10,7-16,8 
PFHxA 1.14/1,03 0,15-0,59 

Wastewatereffluent, ng/1 PFOS NA/NA 300-440 Japan Harada et aL (2003) 
Soil borings, contaminated, ng/g APFO 1,65/17 0 0,17-170 USA Daviset aL (2007) 
Wild caught fish, ng/g wet weight PFOS NA/NA ND-381 USA Kannan et aL (2005) 
Wild caughtfish, uncontaminated; PFOS NA/31,9 11-75 USA 3M (2006) 
upstream of 3M facility, ng/g wet weight PFOA NA/1.1 0,9-1,5 
Wild caught fish, contaminated; adjacent PFOS NA/NA 12,6-9000 USA 3M (2006) 
to 3M facility, ng/g wet weight PFOA NA/NA 0,6-37,9 
Food, ng/g wet weight PFOS 0 0,5-10 NA UK FSA (2006) 

PFOA 0 0,5-1 
TotaiPFCs 13-299 

Food, ng/g wet weight EtFOSA NA/NA 0 0,01-23,5 Canada Tittlemieret aL (2003) 
Food, ng/g wet weight EtFOSA NA/NA ND-22,6 Canada Tittlemieret aL (2006) 

totPFOSAs NA/NA ND-27,3 
Food; total dietary composites; 9 of 53 PFOS NA/NA ND-2.7 Canada Tittlemieret aL (2007) 
had positivesfor beef, fish, ng/gwetweight PFOA NA/NA ND-3,6 

TotaiPFCs NA/NA ND-7.3 
Food; NDs for chicken (n%36), pork (36), PFOS NA/NA ND-0,85 USA 3M (2001) 
fish (44), hot dog (46); Positive for milk PFOA NA/NA ND-2,35 
(4), apple (2), beef (4); ng/g wet weight FOSA NA/NA ND 
Food; duplicate diet; 70 detects of 214 PFOS 0,025/0,06 ND-1,06 Germany Frommeet aL (2007) 
samples for PFOS; 97 of 214 for PFOA, PFOA 0,05/0,69 ND-118.29 
ng/g wet weight 
Food; composites of 18 foods; 11 PFCs; PFOS NA/NA ND-0,82 Spain Ericson et aL (2008) 
3 detected; only PFOS more than PFOA NA/NA ND-0,058 
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Tclle 2 Continued 

Media, units Compound 

once, ng/g wet weight PFHpA 
Food; chicken eggs in China, ng/g wet PFOS 
weight 
Food; seafood in China 100% for PFOS 
PFOS; 55% for PFOA; 64% for PFunD a PFOA 
in 27 samples, ng/g wet weight PFUnDA 
Human breast milk, pg/ml PFOS 

PFOA 
PFHS 
PFNA 

Median/mean 

NA/NA 
NA/NA 

NA/1,8 
NA/NA 
NA/NA 
106/131 
36,1/43,8 
12,1/14,5 
6,97/726 

Exposure to perfluorooctane sulfonate in the United States 

Range Country Reference 

ND-0,016 
45,0-86,9 China Yuan et aL (2008) 

0,3--13,9 China Gulkowskaet aL (2006) 
0,3--1,7 
0,3-0,9 

0 32,0--617 USA Taoet aL (2008) 
0 30,1-161 
012,0--63,8 
0 520-18,4 

NA, not available; ND, not detected; APFO, ammonium perfluorooctanoate; FOSA, perfluorooctane sulfonamide; EtFOSA, N-ethyl perfluorooctane 
sulfonamide; MeFOSA, N-methyl perfluorooctane sulfonamide; FOSE, perfluorooctane sulfonamidoethanol; EtFOSE, N-ethyl perfluorooctane 
sulfonamidoethanol; MeFOSE, N-methyl perfluorooctane sulfonamidoethanol; N-EtFOSAA, 2-(N-ethylperfluorooctanesulfonamido) acetic acid, PFBA, 
perfluorobutanoic acid; PFBS, perfluorobutane sulfonate; PFHxA, perfluorohexanoic acid; PFHS, perfluorohexane sulfonate; PFHpA, perfluoroheptanoic 
acid; PFOA, perfluorooctanoic acid; PFOS, perfluorooctanesulfonate; PFOSA, perfluorooctanesulfonamide; PFOSAA, perfluorooctanesulfonamidoacd:ate; 
PFOSulfinate, perfluorooctanesulfinate;PFUnDA, perfluoroundecanoicacid, 
8 Geometric means, 
bCombined mean derived from available data (assuming zero for non-detects where applicable), 
cExcludes Griffin, GA, an area known to be impacted by industrial contamination, 
dSummed MeFOSE, EtFOSE, and MeFOSEA. 
esummed FOSAs and FOSEs, 
1Excludes Lake Onondaga, a Superfund site impacted by several industries, 

intakeestimates(1,77ng/kg/day PFOS and U5ng/kg/day 
perfluorooctanesolfonamides) published by Tittlemier et aL 
(2007, 2006) were directly used in the modeling, 

Overall, measurement of PFCs in exposure media in 
North America was relatively sparse for all media compared 
with European data with the possible exception of dust 
Food data are sparse for both continents, No measurements 
of PFOS in uncontaminated soil could be found, Although 
the data selected for the exposure models are not statistically 
representative of the general US population, they were 
dEellled adequate for conducting a screening-level exposure 
intake assessment 

Compilationof Body Burden Data 
Table 3 shows a summary of blood measurements taken of 
thePFCs in the United States, focusing first on fivekey PFCs 
and Table 4 pre::ents values for some PFCs less regularly 
measured, As with the environmental media concentration, 
most of the data in the literature focuses of PFOS and 
PFOA, but discussions below are limited to PFOS, 

Temporal evaluations of body burdens suggest a rise of 
PFC concentrationsfrom the 1970s until the latter 1980s, 
with consistent levels throughout the 1990s, and then 
evidence of a drop in the early to mid 2000s, Olsen et aL 
(2003a) measured and reported GMs of 7 fluorinated 
compounds in 645 serum samples (332 males, 313 females) 
from 6 Red Cross blood banks from around the country in 
2000--2001, PFOSwasdetected in all but one sample with a 
GM of 34,9ng/ml, and a maximum of 1656ng/mL Olsen 
et aL (2007b) analyzed samples obtained from Red Cross 
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blood banks in 2005 and compared concentrations found 
with samples collected from the same facility in Min neapolis, 
M N, in 2000, They found PFOS concentrationsfrom 100 
samplescollectedin 2000ata GM of33,1 ng/ml, whereasthe 
40samplescollectedfrom this location in 2005 had a GM of 
only 15,1 ng/mL It was noted that the 2005 samples were 
plasma, whereas the 2000 samples were serum, but Ehres
man et aL (2007) found nearly identical results between 
serum and plasma in samples taken voluntarily from 
occupationally exposed individuals in a 3M plant 

Olsen et aL (2005) examined trends in earlier decades and 
reported higher concentrations in samples obtained in 1989 
than in those obtained in 1974, The 1974 and 1989 median 
concentrations of PFOS were 29.5ng/ml in 1974 and 
34,7 ng/ml in 1989, The authors suggest that the increase 
could be due to exposure and/or bioaccumulation, They 
identify a fivefold increase in PFC production between 1975 
and 1989, They also compared availabledata between 1989 
and 2001, and show that concentrations of PFOS were 
virtually unchanged, suggesting that the similarity may be 
correlated to the relatively consistent production of PFOS by 
3M between 1989 and 1999, the year before3M's phaseout 
announcement Calafat et aL (2006) confirm this trend of 
consistentconcentrationsthroughoutthe 1990s, By compar
ing serum pools corresponding to years 1990, 1998, and 
2002, they found PFOS detected in all US samples, with a 
median at 31.1 ng/ml, with little variation over time, 

In the early 2000s, the serum PFC concentrationsin blood 
samples from US volunteers were measured and recorded 
in NHANES, Recently, Calafat et aL (2007) compared 
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Tcije 3 Summary of studies measuring general population blood concentrations of five key PFCs measured in the United States (all units %ng/ml; 
M %male; F%female). 

Study description 

Calafatet al. (2007); n%2094. NHANES2003/2004; serum. GM (%detected) 

Calafat et al. (2007); n% 1562. N HANES 1999/2000; serum. median 

Olsen et al. (2003a. b.c); n %645, Red Cross; serum, median/G M /maximum 
Olsen et al. (2005); n%356, 178 each from 1974 and 1989; serum 1974, 
plasma 1989, median 
Olsen et al. (2003a, b); n%24, serum, mean/G M 
Hansen et al. (2001); n%65, serum, mean 
Calafatet al. (2006); n%23, pooled serum, median 
Olsen et al. (2004); n%238, elderly people from Seattle, WA; serum, G M 
Olsen et al. (2007b); n%40, plasma for 2005, n% 100 serum for 2000, G M 

Kannan et al. (2004); three locations in the United States; results on serum 
basis, mean: males/females 

Michigan (n%75) 
Kentucky (n%30) 
New York(n%70; M/F unkown) 

Apelberg et al. (2007); n %299, Baltimore, MD; cord blood, G M 
(% detected) 

PFOS PFOA 

M: 23.6 M: 4.5 
F: 18.5 F: 3.5 
M: 33.4 M: 5.7 
F: 28.0 F: 4.8 
35.8/34.9/1656 4.7/4.6/52.3 
29.5/34.7 2.3/5.6 

17.7/14.7 F 
28.4 6.4 
31.1 11.6 
31.0 4.2 
2000: 33.1 2000:4.5 
2005: 15.1 2005:2.2 

32.9/32.5 5.7/4.7 
73.2/66.0 41.6/23.0 
42.8 27.5 
4.9 1.6 

PFOSA PFNA PFHS 

0.2 (22%) M: 1.1 M: 2.2 
F: 0.9 F: 1.7 

M: 0.4 M: 0.6 M: 2.7 
F: 0.2 F: 0.5 F: 1.7 
F F 2/2/66 
F F 1.6/2.4 

F F F 
o DL F 6.6 
o DL o DL 2 
F F 2.2 
F F F 

4.4/3.7 F 4.3/3.6 
6.6/4.7 5.5/4.2 
NA 4.1 
o DL (26%) F F 

G M, geometric mean; DL, detection limit; PFOA, perfluorooctanoic acid; PFOS, perfluorooctane sulfonate; PFOSA, perfluorooctane sulfonamide; PFHS, 
perfluorohexanesulfonate; PFNA, perfluorononanoicacid. 

Tcije 4 Summary of studies measuring general population blood concentrations of infrequently measured PFCs in the United States (all units%ng/ml). 

Study description PFC measured and value reported 

Calafatet al. (2007); n%2094, N HANES2003/2004; serum, 
rrg/1: concentration (percentile; percent detected) 

Me-PFOSA-AcOH 0.7 
(75%; 27.5%) 

PFDeA 0.3 (75%; 31.3%) PFUA 0.6 (90%; 9.7%) 

Olsen et al. (2003a); n %645, Red Cross centers; serum, 
ng/ml: median/G M/max 

M570: o LOQ/1/16 PFOSAA: o LOQ/2/60 F 

Olsen et al. (2005); n%356, 178 each from 1974 and 1989; 
median, ng/ml: serum 1974/plasma 1989 

M570: 0.5/0.5 PFOSAA: 0.8/3.4 F 

Calafatet al. (2006); n%23, pooled serum, ng/ml: median Me-PFOSA-AcOH: 
o DL 

Et-PFOSA-AcOH: 
o DL 

PFUA: o DL 

Olsen et al. (2004); n%238, elderly people from Seattle, WA; 
serum, ng/ml: GM 

M570: 1.2 PFOSAA: 1.5 F 

Apelberg et al. (2007); n %299, Baltimore, MD; cord blood, 
s:Jrum, ng/ml: range (percent detected) 

Me-PFOSA-AcOH: 
o DL-1.8 (40%) 

PFUA: o DL-1.9 (34%) PFDeA; o DL-1.1 (24%) 

G M, geometricmean; D L, detection limit; LOQ, limit of quantitation;Et-PFOSA-AcOH, 2-(N-ethyl-perfluorooctansulfonamido )aceticacid; Me-PFOSA
AcOH, 2-(N-methyl-perfluorooctanesulfonamido) acetic acid; PFDeA, perfluorodecanoicacid; PFU A, perfluoroundecanoicacid; PFOSAA, N-ethyl 
perfluorooctanesulfonamidoacetatel\!1570, N-methyl perfluorooctanesulfonamidoacetate. 

NHANES 2003--2004 data with the N HANES 1999--2000 
data and reported significantly lower concentrations for the 
later years in three of the four most commonly found PFCs, 
including PFOS: the GM of the PFOS concentrations 
dropped from 30.4 to 20.7ng/ml. The authors attributed 
the reduction to discontinuation in 2002 of industrial 
production by electrochemical fluorination of PFOS and 
related perfluorooctanesulfonyl fluoride compounds. 

In general, Table 3 shows PFOS measurements in the 
general population to range from 20 to 40 ng/ml with very 

Journal of Exposure Science and Environmental Epidemiology (2011) 21 (2) 

high, near 100%, frequencies of detection. The lowest 
concentrations noted were in cord blood: the GMs for 
PFOS was 4.9 ng/ml (Apelberget al., 2007). 

PFOS Exposure Intake Estimates 
Results of thEre route-specific intake estimates are presented 
in TableS and in box-and-whisker plots (boxplots) in Figures 
2 and 3. The boxplots display estimates for the 5th and 95th 
percentiles (lower and upper whiskers, respectively) and the 
25th percentile,median,and 75th percentile(bottom, middle, 
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Tclle 5 Median estimates of exposure intake and percentage of total intake by each exposure pathway. 

Description. units 

Total intake. ng/day 
Food ingestion. % 
Dust ingestion. % 
Water ingestion,% 
Dermal absorption,% 
Inhalation, outdoor, % 
Inhalation, indoor, % 

a 100000 

i 
....... 
01 
c: 
.; 
-" 
0 

10000 

1000 

100 

~ 10 

"0 
~ 
0 
E 

~ 
0.1 

I 
0 
0 

• 0 
0 

Typical 

50 
42 
36 
20 
2 

0 1 
0 1 

0 

2 year-old child 

Contaminated 

640 
3 
3 

94 
0 1 
0 1 
0 1 

b 100000 

~ 

~ 
c: 
.; 
-" .s 
.E 

i 
0 
E 

~ 

1000 

100 

10 

0.1 

0.01 

I 
0 
0 

a 

Precursors 

0 

0 

a 

81 
16 
51 
3 

20 
0 1 

9 

• 0 
0 

Typical 

160 
72 
6 

22 
o1 
o1 
o1 

c 100000 

10000 

0 

Adult 

Contaminated Precursors 

2200 130 
5 59 

0 1 16 
94 7 

0 1 5 
0 1 0 1 
0 1 12 

0 

0 
8 

lngeot lngeot lngeot Dennal lnhal lnhal 
Dust Food Water Dust Indoor Outdoor 

Ingest Ingest Ingest Dennal lnhal lnhal lngeot lngeot lngeot Dennal lnhal lnhal 
Dust F"ood water Dust Indoor Outdoor Dust F"ood Water Dust Indoor Outdoor 

Exposure Route Exposure Route Exposure Route 

Figure2. Estimated pathway-5pecific intakes for young children of (a) PFOS under a typical environmental exposure scenario, (b) PFOS under a 
highly contaminated environment scenario, and (c) perfluoralkyl sulfonamide compounds under a typical environmental exposure scenario. 
Pathways are ingestion of dust (ingest dust), food (ingest food), and water (ingest water), dermal absorption from contact with dust (dermal dust), 
and inhalation of indoor air (inhal indoor) and outdoor air (inhal outdoor). 

and top of box, respectively); extreme values (there beyond 
the 5th or 95th percentiles) are displayed as open circles. 
Dermal absorption, dietary and non-dietary ingestion, and 
inhalation are represented as reparate boxes in each panel. 

The median PFOS intake (i.e., the sum of the median 
route-specificintakes) for 2-year-old children under typical 
exposure conditions is estimated as 50 ng/day. Ingestion of 
food and of dust appear to be the primary routes of exposure 
(ree Figure 2a), representingapproximately42% and 36% 
of the total (ree TableS). At the 95th percentile, however, 
intake from dust ingestion (220ng/day) is roughly double 
that of intake from food ingestion (100ng/day) due 
to greater obrerved variability in the dust concentrations. 
Intake from water ingestion is estimated to be the third 
most important source of PFOS intake at both the median 
(9.9 ng/day, or 20% of the total) and the 95th percentile 

160 

(30 ng/day). Intake from dermal absorption, and inhalation 
of indoor air and of outdoor air all represent 2% or less of 
total intake. 

Under the scenario of an environment with highly 
contaminated water, consumption of contaminated water 
appears to be the primary source of intake for 2-year-old 
childrenat about600ng/day (ree Figure2b) or 94% of total 
intake (ree Table 5). With food concentrations assumed 
unchanged, the importance of dietary ingestion is much 
diminished (about 3% of total intake). Dermal absorption 
remains relevant under this scenario only for individuals at 
the highest percentiles of the distribution. 

Returning to a typical exposure scenario, but extending the 
analysis to include intake of FOSE and FOSA precursors 
assigns even more importance to the incidental dust ingestion 
and dietary ingestion routes. Under a simplifying, and 
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Figure 3. Estimated pathway-specific intakes for adults of (a) PFOS under a typical environmental exposure scenario, (b) PFOS under a highly 
contaminated environment scenario, and (c) perfluoralkyl sulfonamide compounds under a typical environmental exposure soenario. Pathways are 
ingestion of dust (ingest dust), food (ingest food), and water (ingest water), dermal absorption from contact with dust (dermal dust), and inhalation 
of indoor air (inhal indoor) and outdoor air (inhal outdoor). 

perhaps overly conrervative, as:;umption that the::e precur
sors are fully metabolized to PFOS in the human body, 
intake of the::e precursors may add 41 ng/day (at the median) 
from ingestion of dust and 13 ng/day from dietary ingestion 
(see Figure 2c). Among the precursors, incidental dust 
ingestion, dermal absorption, and dietary ingestion repre::ent 
the bulk of the total intake. As in the previous scenarios, 
ingestion of water remains a potentially important route 
(see TableS). 

Turning to adults for the typical exposure scenario, the 
aggregate median PFOS intake is estimated to be 160 ng/day, 
and dietary ingestion again appears to be the primary route 
of exposure( see Figure 3a). Incidental ingestion of dust is far 
less important among adults than among children. Median 
intake from dietary ingestion is estimated to be B 110 ng/day, 
reprerenting 72% of total intake, whereas median intake 
from dust (about 9 ng/day) repre::ents only 6% of total 
intake (see TableS). The relative contribution of ingestion of 
drinkingwater (22% of total intake) issimilaramong adults 
and children. In the "highly contaminated" scenario 
(Figure 3b), ingestion of contaminated drinking water, 
leading to B2100ng/day of PFOS, would comprire 94% 
of the total intake (see Table S), and dietary ingestion 
(maintained at 110 ng/day) would repre::ent S%. The 
contribution from the inhalation of indoor air and outdoor 
air is negligible. Examining the intake of the perfluorooactane 
precursors (Figure 3c), dietary ingestion is estimated to be the 
dominant route of exposure (s:e TableS), leading to 59% of the 
precursor intake, and dust ingestion and inhalation of indoor air 
account for 16% and 12%, respectively,of total intake. 
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PFOS PK Modeling 
As noted earlier, the best current characterization of 
American background body burden comes from the 
NHANES2003/2004, with a GM of 20.7ng/ml for PFOS 
in rerum (Calafatet al., 2007). Given a first-orderdissipation 
rate of 0.000391 /day, two reparate estimates of the rerum 
volume of distribution (Vd) at 3000 and 200 ml/kg, the range 
in estimated intakes of PFOS is solved as 1.6-24.2ng/kg
bw/day for PFOS. Becaure the N HANES data are from a 
nationally repre::entativesampleof participantsaged 12 years 
and older, the pertinent scenario to compare this with is the 
typical exposure scenario for adults, the results of which are 
displayed in TableS, and in Figures3a and c for PFOSand 
FOSE/FOSA precursors, respectively. The total intake for 
PFOS (sum of the medians from each route) is 160 ng/day 
for adults, and as:;uming a 70 kg adult, this equals a body 
weight-bared intake of B 2.3 ng/kg-bw/day. The median 
intakes for the precursorstotal about the same, at 1.9 ng/kg
bw/day. If there precursors were to fully convert into PFOS 
in the body, then the total intake would be 84 ng/kg-bw/ 
day, with nearly equal amounts from PFOS and from the 
precursors. The lower modeled intake value of PFOS, 1.6 ng/ 
kg-bw/day, assumed the lower volume of distribution, at 
200ml/kg. While this might suggest that an appropriate 
volume of distribution might be clorer to the lower end of the 
estimated range (200-3000ml/kg), the substantialvariabi I ity 
and uncertainty in both the intake estimate and the PK 
modeling are too great to draw this conclusion. The exposure 
pathway-bared and PK-bared intakeestimatesarecompared 
in Figure4. 
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Figure 4. Median intake of PFOS by adults based on an exposure 
pathway analysis compared with intakes predicted using the PK 
model, separately assuming volume of distribution (Vd) of 200 and 
3000 ml/kg. 

Discussion 

As has been noted frequently in this article, variabilities and 
uncertainties abound in both the forward- and back
calculated intake doo:s. There are uncertainties associated 
with use of the 1-compartment PK model and the input 
parameters assigned to the model. There are uncertainties 
with PFOS exposure media concentrations due to lack of 
measurements, particularly for food. Also, there are 
variabilities associated with exposure contacts not captured 
in the simple exercise, along with the variabilities within the 
measurements made for PFOS. 

Uncertainties in Model Parameters 
A large uncertainty in the backward PK modeling approach 
pertains to the use of the simple 1-compartment, first-order 
model and in particular, the steady state solution to this 
model. Andersenet al. (2006) describewhy PFC pharmaco
kinetics are substantially more complicated than implied by 
use of this 1-compartment model: more rapid elimination in 
cynomolgus monkeys with increasing doo:s showed that 
capacity-limited, saturable processes must be involved in the 
kinetics of PFCs. Given the saturable reabsorption hypoth
esis and the dose dependency on elimination kinetics as 
described by Andersenet al. (2006), it is possiblethat higher 
doo:s lead to more rapid elimination; that a blood serum 
concentrationof 20.7 ng/ml could result from a dose higher 
than the high estimateof 24.2 ng/kg-bw/day. 

There is a lack of information on even the few parameters 
required for the 1-compartment approach for humans. No 
studies could be found which contain the data necessary to 
calibrate the volume of distribution in humans, and only one 
study could be found quantifying the half-lives of PFOS and 
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PFOA in humans (Olsen et al., 2007a). This was a study on 
occupational exposures, and the half-lives gleaned from these 
high body burdens may not be appropriate for studying 
general population exposures. There were also no human 
data available for the route-specific absorption fractions for 
PFCs; those values remain a substantial uncertainty for this 
effort. They were assumed to be 0.9 for the ingestion 
pathways (food, water, dust), 0.50 for the inhalation 
pathway, and 0.03 for the dermal contact pathway. 
Absorptions near 1.00 for gastrointestinalingestion are not 
uncommon for the modeling of persistent organic pollutants, 
such as dioxins(EPA, 2003) and P8DEs (McDonald, 2005; 
Lorber, 2008). Trudel et al. (2008) assumed absorption 
fractionsat 0.66, 0.80, and 0.91 in the low, intermediate,and 
high scenarios for PFC modeling for all pathways. 

In the comparison of predicted intakes using the PK 
model and intakes modeled based on an exposure pathway 
analysis, it was noted that perhaps the most appropriate 
volume of distribution might be closer to the lower value, 
200ml/kg, as compared with the higher value used, 
3000ml/kg. This was because use of the lower value led to 
a PK-modeled intake of 81.6 ng/kg-bw/day for PFOS, and 
the forward-modeled median intake of PFOS and precursors 
(assuming the precursors fully metabolized to result in an 
equal amount of PFOS in the blood) was 84 ng/kg-bw/day. 
Use of the highervolumeof distribution,3000ml/kg, led to a 
much higher prediction of intake, 24.2 ng/kg-bw/day, so 
generally it might be surmised that the lower volume of 
distribution is more appropriate for use in this framework. 

Finally, the suggestion that blood concentrations of PFOS 
could be due in relatively equal measure to intakes from 
PFOS itself and the sum of the precursors is likely to be 
overly conservative (despite the difficulties in identifying all 
likely precursors) and a major source of uncertainty. In their 
modeling of precursor compounds to PFOS, Vestergrenet al. 
(2008) concluded that only 2--6% of the total dose of PFOS 
is due to precursors (where "dose" is internal dose, which 
considers transformation of precursors of PFOS to PFOS 
itself). However, this was the findingfor the "median" set of 
results from their Monte Carlo exercise, in which they varied 
exposure contact rates, exposure media concentrations, and 
also PK modeling parameters. For modeling the internal 
transformation of precursors to PFOS, they assumed a 
"transformation factor" (fraction of precursor transforming 
to PFOS) of 0.01, 0.1, and 1.0 in low, intermediate,and high 
model runs. For the "high exposure" results, the precursors 
in fact dominated total exposures to PFOS, explaining 
between 60% and 80% of total exposures for the various 
receptors (infants, teens, adults, and so on). They cite the rate 
of transformation as a key uncertainty for characterizing the 
impact of PFOS precursors. They reported only one study on 
mammal internal transformation of PFOS precursors: Seacat 
et al. (2002) found that the yield of PFOSafteroral dosing of 
N-EtPFOSE was 820% in vivo in rats. 
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Even with the::e uncertainties, reveral researchers have 
used the 1-compartment, first-order PK model to study 
exposures to PFCs (Harada et al., 2003; Washburnet al., 
2005; Fromme et al., 2007; Trudel et al., 2008; Veronica 
et al., 2008). As thesaturablereabsorptionhypothesis(and 
the implied more complex modeling required) reems to be 
appropriate for higher dares, it is possible that the simple 1-
compartment model and even the steady state solution may 
be quite acceptable for studying the long-term, low-dare 
exposures that are typical of general population exposures, or 
even for the level of exposure in contaminated rettings also 
modeled in this study. Certainly, in earlier applications of this 
model to study PFOS and PFOA, this has bEen the 
assumption. 

Total Human Exposure 
Despite the sparreness of available data, others who have 
studied exposure to PFOS have arrived at typical back
ground exposures that compare favorably with the range 
implied by the PK modeling (1.6-24.2ng/kg-bw/day for 
adults) and by the forward-intake modeling ( B 4 ng/kg-bw/ 
day). Most recently, two studies provide detailed asseffifllents 
of all relevant pathways of exposure from direct and indirect 
sources (Trudel et al., 2008; Fromme et al., 2009). In a 
comprehensive exposure assessment, Trudel et al. (2008) 
quantified water ingestion, inhalation, and dust-related 
exposures(dust ingestion, hand-to-mouth contact); included 
pathways involving clearly defined consumer product sources 
(e.g., transfer from contact with PFC-treated carpets); and 
performed an elaborate assessment of dietary exposure 
involving specific food types (e.g., dairy products, fish and 
shellfish, vegetables) and daily consumption of each food 
type by different age groups in North America and Europe. 
They incorporated data variability by deriving low, inter
mediate, and high exposure intakes for infants, toddlers, 
children, teens, and adults. Parameter uncertainty was 
incorporated into their modeling by combining models in 
which all parameters vvere ret to their lovvest values with 
models in which all were ret to their highest values, resulting 
in PK-predicted intake dare estimates that spanned an order 
of magnitude. 

The total intake dares of PFOS estimated by Trudel et al. 
(2008), considering all pathways, ranged from 3 to 220 ng/ 
kg-bw/day across the age ranges modeled. Looking only at 
the intermediate values, their PK-predicted intake dare for 
adults is B 20 ng/kg-bw/day for PFOS for North American 
exposures, compared with an exposure pathway estimate for 
adults at B 15 ng/kg-bw/day. For PFOA, the PK-predicted 
value for adults was B 10 ng/kg-bw/day, compared with an 
exposure pathway estimate for adults of B2ng/kg-bw/day. 
While their intermediateestimate of 15 ng/kg-bw/day total 
PFOS intake falls well within the range implied by their PK
modeling approach, they did not consider precursor com
pounds. Excluding precursors, 15 ng/kg-bw/day is roughly 
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reven times the median total adult PFOS intake estimated by 
forward modeling in this exercire (2.3ng/day). Similarly, 
theirestimateof total intakeof 35 ng/kg-bw/dayfor toddlers 
exceeds the 3.8ng/kg-bw/day estimated for 2-year olds in 
this exercire. The authors concluded that ingestion of food 
and drinking water are the primary contributors to PFOS 
intake for adults and that hand-to-mouth transfer of carpet
treatment residues reprerents the highest contribution for 
children. Their ure of different food concentration data and 
their inclusion of a pathway accounting for contact with 
treated carpet/textiles are the main reasons for the large 
differences in estimated total intake between their assessment 
and this one. 

The same research group continued their efforts by looking 
at precursorsfor PFOS and PFOA (Vestergrenet al., 2008). 
Specifically, they looked at FTOHs, FOSAs, and FOSEs 
that are metabolized to form PFOA and PFOS in the body. 
Considering this metabolism, and also building on their 
previous effort, they recalculated a total dare of PFOS to 
range now from 3.9 to 520 ng/kg-bw/day (total intakes over 
all pathways and over all exposed populations modeled, 
including children). For their central tendency estimates, the 
precursors of PFOS accounted for between 2% and 6% of 
the total, but at one ret of "high" assumptions for the 
precursors, they dominated the overall intakes. 

F rommeet al. (2009) also assesredall major pathways for 
the general adult population. They estimated the average 
intake of PFOS and of perfluorooctylsulfonyl precursors as 
1.6 ng/kg-bw/day, each. They estimated the median con
tribution from dietary PFOS exposure to be 1.5 ng/kg-bw/ 
day (90 ng/day) and concluded that dietary exposure is the 
dominant intake pathway, comprising 91% of total intake. 
Their median adult dietary intake estimate, bared on 
concentration data from a duplicate diet study in Germany 
(From meet al., 2007) that analyzed whole meals rather than 
composites of similar food items, is in accordance with the 
value estimated in this exercire (bared on intake estimates 
published by Tittlemier et al. (2007). Nonetheless, their 
estimate of the fraction of total intake reprerented by dietary 
exposure is higher (91% compared with 72%) becaure of 
much lower estimates of intake from dust and drinking water 
ingestion. 

Many other intake estimates have bEen derived by 
researchers who measured PFOS in exposure media data 
and combined their measurements with contact rates. Most 
of the::e efforts have focused on food exposures. Fromme 
et al. (2007) calculatedmedian intakesfor PFOS for German 
study subjects, bared on duplicated ietary samples, and found 
it to be 1.4 ng/kg-bw/day. Tittlemieret al. (2007) conducted 
a market basket survey of a wide range of Canadian foods, 
and derived an adult intakeestimateof 110ng/day (1.6ng/ 
kg-bw/dayassuminga body weight of 70kg) for PFOS. This 
was the starting point for the generation of a distribution of 
dietary intakes that we used to characterize US exposures to 
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PFOS in food. A similar total diet survey in the United 
Kingdom (Mortimeret al., 2006) resulted in a much broader 
range of adult dietary exposure estimates for PFOS 
(10-100ng/kg-bw/day). However, unusually high findings 
of PFOS and PFOA in the potatoes food group were not 
explained. Ericson et al. (2008) measured 11 PFCs in 36 
composite food samples (duplicates of 18 major food types) 
reprES:!nting the diet of Spaniards living in Catalonia, 
Spain. They found frequent detections of PFOS only; 
positive concentrations of PFOA and PFHpA were found 
in milk, and there were non-detects (NOs) for all other 
PFCs at detection limits (Dls) generally near or less than 
0.1 ng/g fresh weight. On the basis of the frequent occurrence 
of PFOS (11 of 18 foodstuffs), they calculated adult intakes 
of 62.5 ng/day (0.9 ng/kg-bw/day), setting N D values at 0, 
and 74.2 ng/day (1.1 ng/kg-bw/day), setting N D values at 
one-half the DL. Gulkowskaet al. (2006) sampled 27 types 
of seafood from ChinES:! fish markets including finfish 
(croaker, mackerel), shrimp, crabs, and other species. They 
found 100% occurrence of PFOS, ranging from 0.3 to 
13.9 ng/g. They also found positives for PFOA and 
PFUnDA, with infrequent positive occurrences for PFDA, 
PFNA, PFHpA, and PFHxA. By combiningconcentrations 
with high fish consumption rates ( 4 100g/day) found in 
dietary surveys for populations in Zhoushan and Guangz
hou, they found PFOS intake rates totaling 9.3ng/kg-bw/ 
day for residents of Guangzhou, and 4.2 ng/kg-bw/day for 
Zhoushan residents. 

Very few earlier studies focured on pathways other than 
food. Harada et al. (2003) calculated a water ingestion 
intake of PFOS of 1.4ng/kg-bw/day, based on a water 
concentration of 50 ng/1 found in measurements from a 
contaminated river. Shoeibet al. (2005) studied indoor dust 
and air exposures to FOSAs and FOSEs. Under most 
scenarios they devired for adult exposure, uptake through 
inhalation exCEeded uptake through dust ingestion. For 
example, using median air and dust concentrations, 
total intake by inhalation and dust ingestion was estimated 
at 60ng/day (0.86ng/kg-bw/day), almost two-thirds of 
which is due to inhalation. For children, however, estimated 
intake by dust ingestion (44 ng/day) exCEeded inhalation 
intake (27 ng/day). Tittlemier et al. (2006) compared their 
dietary intake results with the dust and air intake estimates of 
Shoeib et al. (2005) and found that the dietary intake 
estimates were of the same order of magnitude as the 
combined intake through indoor dust and air. Sasaki et al. 
(2003) reported G M PFOS levels of 0.6 pg/m3 in a rural area 
and 5.3pg/m3 in a more urban setting in Japan, and 
estimated daily intakes for adults of 10 and 100pg/day, 
respectively. They concluded that the contribution 
from outdoor air is about 1/1000th of the contribution 
from tap water, but their estimates of adult intake by 
inhalation are 2.5-25 times lower than our median estimate 
(about 0.25 ng/day). 
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Estimated Pathway-SpecificContributions 
Forward-bared calculations of intake doo:s, on the basis of 
exposure media concentrations, contact rates, and exposure 
factors, may be as uncertain as the back-calculated intakes 
bared on body burdens and the 1-compartment PK model. 
While in typical exposure settings food contamination saerns 
to dominate the intakes for adults, and food and dust 
contaminationfor children, as seen in Figures2a, c, 3a and c, 
there is in reality a paucity of data on food concentrations of 
PFCs. Food saerns to be an exceptionally difficult matrix in 
which to measure PFCs by conventional analytical techni
ques because of its highly variable composition. As a result, 
few researchers have reported concentrations in typical 
Western diets. In fact, we are unaware of any reports in the 
peer-reviewed literature of PFOS in food from the United 
States and we relied instead on a Canadian Total Diet Survey 
to estimate the intakes from this pathway. Although there is 
evidence that migration from fluorochemical-treated food 
packaging has been an important source of PFCs in food 
(Begleyet al., 2005; D'eon and Mabury, 2007), there is also 
evidence that these concentrations, particularly in fast food 
wrappers, have decreared over the past 15 years (Tittlemier 
et al., 2006). 

Water ingestion dominates the exposure in the "contami
nated" scenario because of drinking water concentrations 
that are assumed to be similar to the high concentrations 
measured in the groundwater of affected areas, and because 
water treatment removal efficiencies are assumed to be 
negligible (Takagi et al., 2008). Although no data in the 
literature could be found linking elevated PFOS concentra
tions in water to elevations of PFOS in blood, there is 
evidence that water contaminated with PFOA leads to 
elevations of PFOA in blood. Elevations in both water and 
serum concentrations of PFOA were observed in a commu
nity located in West Virginia near a fluoropolymer manu
facturing facility (Emmett et al., 2006; Steenland et al., 
2009). Indeed, Veronica et al. (2008) investigated body 
burden impacts from consumption of contaminated water at 
that site using the same PK model as ured in this evaluation. 

Inhalation of indoor air only appears to be a major 
pathway, in terms of the percent contribution to total 
exposures (Table 5), under the scenario that considers only 
the FOSA precursors. Under the assumptions ured, dermal 
absorption does not seem to be a meaningful route of 
exposure, and PFOS intake from dust ingestion is minimal 
for adults (both pathways explain less than 5% of total 
exposure). Dust ingestion is, however, a dominant pathway 
of exposure for children, explaining 37% of exposure to 
PFOS and 60% to the precursor compounds. 

Although the modeling in this study suggests that dust 
ingestion together with food ingestion dominates the overall 
exposure for children, dust-related exposures reprES:!nt a 
critical uncertainty for th€9:! compounds. The extent to which 
individuals actually ingest house dust is uncertain. The values 
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of dust ingestion ured in this ass:ssment, 100 mg/day for 
childrenand 50mg/day for adults, werethesamevaluesured 
by Lorber (2008) to characterizeingestion of house dust in 
his assessment of exposure to PBDEs. However, 100 and 
50mg/day are, in reality, recommended central tendency 
values for use in modeling soil ingestion in EPA's Exposure 
Factors Handbook (EPA, 1997). Although the influenceof 
indoor dust is well recognized for PBDEs (Lorber, 2008; 
Stapletonet al., 2008), the precise way to model exposure to 
PBDEs in dust, and PFCs in dust for that matter, remains an 
uncertainty.Stapletonet al. (2008) focured on the hand-to
mouth pathway by measuring PBDEs on the surfaces of 
hands. As dust can be ingested when incidentally inhaled as 
well, we assume that hand-to-mouth and other mechanisms 
that transfer dust into the mouth are implicitly included in the 
soil ingestion rate ured to model dust ingestion. It is possible 
that direct exposure to surfaces containing PFCs, which is 
not modeled in this study (dermal contact with impacted dust 
is modeled, but not direct dermal contact with treated 
surfaces), could contribute to the indoor exposures of the::e 
contaminants. For example, Trudelet al. (2008) suggest that 
hand-to-mouth transfer from contact with PFOS-treated 
carpets may be a major contributor to intake for children, 
and Jahnke et al. (2007a) note that surface-treated textiles 
could be a significant source of perfluorooctanesulfonyl 
precursors(FOSAs/FOSEs) in indoor air. 

Most measurements ured to estimate the pathway-specific 
intakeswereperformedbefore2005. With theproductionof 
PFOS and related perfluorooctanesulfonyl alkyl compounds 
having ceased in the United States, the concentrations of 
PFOS and its precursors in exposure media are likely to 
decrease. As discusred earlier, a 32% decrease in body 
burden in the United States between 2003--2004 and 1999--
2000 has already been documented (Calafat et al., 2007). 
Because of the persistence of PFOS in the environment, it is 
likely that intake through the food pathway would be most 
immediately affected, and may be most responsible for the 
apparent decline in body burden. Additional measurements 
of PFOS in food, particularly in the United States, are vitally 
nEeded. Also, as evidenced by the sparseness of data in 
Table2, more measurements of concentrations in soil and air 
(particularly in areas affected by industrial emissions) are also 
desperately nEeded. 

The approach ured in this study relied on distributions of 
PFOS in exposure media to illustrate the potential variability 
and uncertainty (given the sparseness of data on PFOS in 
exposure media) in route-specific intakes, but relied on point 
estimates for contact rates and other exposure factors. Using 
distributions for contact rates is certainly possible, but 
requires adequate data, which may not exist for all pathways. 
By combining distributions for both concentrations and 
contact rates likely would have little effect on the estimates of 
central tendency, but would certainly have produced wider 
distributionsof PFOS intake. Trudel et al. (2008) ured a 
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simplistic means of incorporating variability in contact 
factors in their exposure modeling and did indEed report a 
large range of possible exposures F over an order of 
magnitude between high and low estimates of exposure. 
There is no "correct" way to conduct such an analysis; we 
chose point estimates of the contact rates as a way of limiting 
the ranges of intakes that we model within a single pathway. 
A simplification with perhaps a larger effect on the 
uncertainty and variability in our aggregate exposure 
estimates is the practice of summing medians across route
specific intakes. As it is highly unlikely that a given individual 
within a sub-population will be at the same percentile with 
respect to intake along all exposure routes, a more accurate 
method incorporating the individual correlation among 
routes would be required to reduce the uncertainty within 
our estimate. However, the information on correlations 
among routes does not exist at this time. Again, only a true 
probabilistic assessment would provide an accurate assess
ment of population variability in aggregate intake. We 
pre::ent the route-specific distributions in Figures 2 and 3 to 
illustrate that it would be erroneous to conclude that there 
may be a dominant pathway for all individuals in a sub
population based on point estimates of intakes. 

Conclusion 

Assessing the most relevant routes of exposure to PFCs for 
humans remains a challenge and continues to be the topic of 
great debate. Given the pervasiveness of PFCs in our 
environment, it is surprising that so few published estimates 
of route-aggregated exposure levels exist. This document 
summarizes published existing human exposureestimatesand 
provides a crude assessment of aggregate exposure to PFOS 
and its main precursors under scenarios of typical and 
contaminatedenvironments, for 2-year-old children and for 
adults. The available measurement data and analysis in this 
paper point toward dietary ingestion as the major contributor 
to PFOS intake for adults, and dietary and dust ingestion as 
nearly equal contributors for young children, under typical 
exposure scenarios. The central estimates of forward
calculated intakes fell within the range of intakes back
calculated using the simple PK model. As this provides some 
level of cross-verification, there are critical uncertainties in the 
PK modeling along with the exposure media concentration 
data and contact rates. Crude estimates of route-specific 
intake are based on sparse data and are thus fraught with 
uncertainty. Estimates for intake from the food pathway, for 
example, are based on data from one of only four studies 
available with measured concentrations in foods found in the 
typical Western diet. Direct dermal exposure to treated 
articles, mouthing by children of treated fabrics, and 
inhalation associated with household use of contaminated 
water were not included in this analysis. Furthermore, 
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assumptions regarding relevant exposure factors, in particu
lar, the rate of dust inge:;tion, are used, often based on feN 
data. As a result, assumptions and generalizations required 
for this analysis, together with the broad distributions of the 
route-specific estimates, make it difficult to draw definitive 
conclusions about the relative importance of the various 
exposure routes. 

We believe that the elucidation of the frame.Nork for 
studying PFCs provided in this paper using PFOS as an 
example will allow for more meaningful future evaluations. 
The continued study of PFCs, particularly, measurements of 
concentrations in environmental and exposure media as well 
as toxicokinetic parameters, will allow for reduced uncer
tainties and more refined exposure assessments in the future. 
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To: Behl, Betsy[Behi.Betsy@epa.gov]; Strong, Jamie[Strong.Jamie@epa.gov]; Donohue, 
Joyce[Donohue.Joyce@epa.gov] 
Cc: Southerland, Elizabeth[Southerland.Eiizabeth@epa.gov]; Lape, Jeff[lape.jeff@epa.gov] 
From: Conerly, Octavia 
Sent: Tue 2/23/2016 7:47:04 PM 
Subject: FYI: EPA Faces Push To Broadly Apply Stricter PFOA Drinking Water Advisory 

February 23, 2016 

EPA is facing a push to immediately disclose and address elevated levels of 
perfluorooctanoic acid (PFOA) in affected communities across the country, 
following the agency's recent decision to tighten its unenforceable health 
advisory level that EPA is using for drinking water contaminated with PFOA in a 
New York community. 

The call responds to EPA's decision in a Jan. 28 statement to advise residents of 
the Hoosick Falls, NY, community not to consume drinking water from private 
wells with levels of the perfluorinated chemical (PFC) PFOA above 100 parts per 
trillion (ppt), or 0.1 parts per billion (ppb). The agency said that at the New York 
site it is not waiting for finalization of its health advisory for chronic exposure of 
PFOA in drinking water before applying the 0.1 ppb value-- which is a more
stringent level than its existing short-term exposure advisory level of 0.4 ppb for 
the chemical. 

An EPA Region 2 official the region, which includes New York, is in the 
early stages of an effort to identify other locations with similar drinking water 
contamination, and will likely apply the 0.1 ppb value at those sites. 

New York officials have also called on EPA to nationally address PFOA 
contamination by lowering its health advisory for the chemical and expeditiously 
adopting an enforceable drinking water standard for it. 

In response to the various EPA actions, Robert Bilott --an attorney with the law 
firm Taft Stettinius & Hollister-- is asking EPA in to assess 
communities across the country with elevated levels of PFOA. Bilott has 
represented thousands of West Virginia and Ohio plaintiffs potentially exposed to 
PFCs in their drinking water from a West Virginia plant owned by DuPont. 

Bilott points to EPA's Jan. 28 statement indicating the agency is continuing to 
work on a lifetime health advisory level for PFOA but is also now recommending 

ED _000954(915)_Processed_PSTs-2_DD _00003517 -00001 



EPA-HQ-2016-005679 06/14/2017 

applying a 0.1 ppb safety level for Hoosick Falls. 

"Thus, at a minimum, it appears that EPA has revised its guideline for short-term, 
temporary exposures to PFOA in drinking water from 0.4 ppb to 0.1 ppb," Bilott 
says in the letter, addressed to EPA Administrator Gina McCarthy. 

"What is not clear, however, is the extent to which members of the public 
exposed to levels of PFOA exceeding 0.1 ppb in different areas across the 
country (particularly those with long-term, 'lifetime' exposures) have been 
informed of those exposures or have seen the EPA's recommendation to use 
bottled water or some other alternative water source in those situations," Bilott 
writes. 

Toxicity Data 

The 0.1 ppb level stems from an EPA PFOA toxicity report that underwent 
external peer review in 2014 and identified a toxicity value for the chemical that 
would result in a lifetime health advisory of 0.1 ppb, an EPA spokeswoman told 
Inside EPA in a Jan. 29 statement. She stressed that EPA has not yet finalized 
the figure as its lifetime health advisory for the chemical but decided to "share the 
best available science to protect public health" in the New York case and is using 
the figure "out of an abundance of caution." 

Bilott points out his firm has been pressing EPA for nearly 15 years to address 
what he says is a substantial and imminent threat to human health and the 
environment posed by PFOA in drinking water supplies. 

In the letter, he points to to EPA where he highlighted contaminant 
data stemming from EPA's third Unregulated Contaminant Monitoring Rule 
(UCMR) that shows the presence of PFOA exceeding the UCMR reporting level 
in a number of public water supplies. Under the third UCMR, EPA required public 
water systems to report from 2013 to 2015 on PFOA occurrences, among 29 
other emerging contaminants, in drinking water above the minimum reporting 
level (MRL) of 0.02 micrograms/liter, which in this case is equivalent to 0.02 ppb. 

The data indicates a number of locations with levels of PFOA exceeding 0.05 
ppb --a level at which an independent C-8 scientific advisory panel found 
probable links between PFOA, also known as C-8, and six adverse health 
impacts including kidney and testicular cancer as well as other conditions. 

The law firm took EPA's raw data from the UCMR on PFOA to create a=~ 
~~"'-=~~~~~'-=~~across the country that have reported levels of 
PFOA in their water during the 2013-2015 collection period. The list is attached 

ED _000954(915)_Processed_PSTs-2_DD _00003517 -00002 



EPA-HQ-2016-005679 06/14/2017 

to his letter, and shows some instances where the levels are between 0.4 ppb 
and 0.1 ppb --the new figure EPA is now pointing to as a health advisory level 
for the New York site. 

"As noted in our prior correspondence, we request that EPA take those steps 
necessary to immediately and properly disclose, investigate, and address 
elevated levels of PFOA in impacted communities, whether reflected in elevated 
drinking water exposures or elevated blood levels," Bilott says in the Feb. 16 
letter. 

An EPA spokesman did not respond by press time to questions about Bilott's 
request. 

Consent Order 

Bilott also contends EPA should revise a March 2009 consent order with DuPont 
to incorporate the new 0.1 ppb guideline for PFOA in drinking water, given there 
have been recent detections of PFOA exceeding that level in at least one 
community-- Vienna, WV --affected by the order. 

The 2009 consent order between EPA and DuPont, aimed at addressing drinking 
water contamination from DuPont's Washington Works plant in West Virginia, 
includes EPA's provisional health advisory of 0.4 ppb, requiring DuPont to 
provide clean water to the community if it is exceeded. 

Bilott, on behalf of thousands of citizens living around the Washington Works 
plant, settled a class-action lawsuit against DuPont over PFOA exposures 
stemming from the plant, and is now prosecuting personal-injury cases filed by 
members of the class against the company, according to his law firm. -- Suzanne 
Yohannan (syohannan@iwpnews.com) 

Octavia Conerly 

Special Assistant to the Office Director 

Office of Science and Technology 

1200 Pennsylvania Ave. NW MC 4304T 

Room 5231H 
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Washington, DC 20460 

EMAIL: conerly.octavia@epa.gov 

PHONE: (202) 566-1094 

FAX: (202) 566-0441 
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To: 
From: 
Sent: 
Subject: 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Strong, Jamie 
Tue 2/23/2016 1:03:53 PM 
PFOS HA 

Current draft 

Jamie Strong, Chief Human Health Risk Assessment Branch 

Health and Ecological Criteria Division, 4304-T 

Office of Science and Technology, Office of Water 

United States Environmental Protection Agency 

1200 Pennsylvania Avenue, NW 

Washington DC 20460 

phone: 202.566.0056 

fax: 202.566.1140 
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To: Behl, Betsy[Behi.Betsy@epa.gov] 
Cc: Foos, Brenda[Foos.Brenda@epa.gov]; Strong, Jamie[Strong.Jamie@epa.gov]; Donohue, 
Joyce[Donohue.Joyce@epa.gov] 
From: Miller, Gregory 
Sent: Mon 2/22/2016 3:32:59 PM 
Subject: OCHP Comments: PFOA HA for internal review 

Betsy, 

Attached you will find OCHP's comments on the PFOA Health Advisory and an accompanying 
redline document. Please let me know if you have any questions. 

Thank you, 

Greg Miller 

Office of Children's Health Protection 

US Environmental Protection Agency 

1200 Pennsylvania Ave, NW (MC 1107T) 

Washington, DC 20460 

phone: (202) 566-2310 

fax: (202) 564-2733 

From: Behl, Betsy 
Sent: Friday, February 12, 2016 2:24PM 
To: Cantilli, Robert 
F oos, Brenda 
MichaelE 

Southerland, Elizabeth 
Flaherty, Colleen 
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Subject: PFOA HA for internal review 
Importance: High 

Greetings all, 

Attached above is the draft PFOA Health Advisory (HA) for your review. The document has 
been spell checked but has not been through a final technical edit. We plan to address your 
comments and then have a final technical edit done prior to the issuance of the Health Advisories 
(HAs). 

Our date for release of the HAs is March, which is coming up fast. I am asking for comments a 
week from Monday (2/22). Please do what you can to meet this date. This document is not as 
lengthy as the HESDs, so the review should be easier. The next document you will see is the HA 
for PFOS, the week of 2/22. 

Many thanks in advance for your comments, Betsy 

Elizabeth (Betsy) Behl, Director 

Health and Ecological Criteria Division, 4304-T 

Office of Science and Technology, Office of Water 

United States Environmental Protection Agency 

1200 Pennsylvania Avenue, NW 

Washington DC 20460 

phone: 202.566.0788 

room 5233H 
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To: Scozzafava, MichaeiE[Scozzafava.MichaeiE@epa.gov]; Strong, 
Jamie[Strong.Jamie@epa.gov] 
Cc: Gaines, Linda[Gaines.Linda@epa.gov]; Cooke, Maryt[Cooke.Maryt@epa.gov]; Burchette, 
John[Burchette.John@epa.gov]; Gervais, Gregory[Gervais.Gregory@epa.gov]; Donohue, 
Joyce[Donohue.Joyce@epa.gov]; Raffaele, Kathleen[raffaele.kathleen@epa.gov]; Foster, 
Stiven[Foster.Stiven@epa.gov] 
From: Behl, Betsy 
Sent: Mon 2/22/2016 1:14:16 PM 
Subject: RE: PFOA HA for internal review 

From: Scozzafava, MichaelE 
Sent: Monday, February 22,2016 8:12AM 
To: Behl, Betsy <Behl.Betsy@epa.gov>; Strong, Jamie <Strong.Jamie@epa.gov> 
Cc: Gaines, Linda <Gaines.Linda@epa.gov>; Cooke, Maryt <Cooke.Maryt@epa.gov>; 
Burchette, John <Burchette.John@epa.gov>; Gervais, Gregory <Gervais.Gregory@epa.gov>; 
Donohue, Joyce <Donohue.Joyce@epa.gov>; Raffaele, Kathleen <raffaele.kathleen@epa.gov>; 
Foster, Stiven <Foster.Stiven@epa.gov> 
Subject: FW: PFOA HA for internal review 
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From: Gaines, Linda 
Sent: Thursday, February 18, 2016 3:03PM 
To: Scozzafava, MichaelE 
Subject: RE: PFOA HA for internal review 

Linda G.T. Gaines, Ph.D., P.E. 
Environmental Health Scientist 
U.S. Environmental Protection Agency 
OLEMIOSRTIIARD/Science Policy Branch 

From: Scozzafava, MichaelE 
Sent: Friday, February 12, 2016 2:25PM 
To: Gaines, Linda 
Subject: Fwd: PFOA HA for internal review 

Michael Scozzafava, Chief 
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Science Policy Branch 

OSWER/OSRTI/ ARD 

Sent from my iPhone 

Begin forwarded message: 

From: "Behl, Betsy" 
Date: Febmary 12,2016 at 2:23:44 PM EST 
To: "Cantilli, Robert" 

"Southerland, Elizabeth" 
"Flaherty, Colleen" 

Subject: PFOA HA for internal review 

Greetings all, 

Attached above is the draft PFOA Health Advisory (HA) for your review. The document 
has been spell checked but has not been through a final technical edit. We plan to address 
your comments and then have a final technical edit done prior to the issuance of the Health 
Advisories (HAs). 

Our date for release of the HAs is March, which is coming up fast. I am asking for 
comments a week from Monday (2/22). Please do what you can to meet this date. This 
document is not as lengthy as the HESDs, so the review should be easier. The next 
document you will see is the HA for PFOS, the week of 2/22. 

Many thanks in advance for your comments, Betsy 

Elizabeth (Betsy) Behl, Director 

ED_ 000954(915 )_Processed_PSTs-2_00 _ 00003586-00003 



EPA-HQ-2016-005679 06/14/2017 

Health and Ecological Criteria Division, 4304-T 

Office of Science and Technology, Office of Water 

United States Environmental Protection Agency 

1200 Pennsylvania Avenue, NW 

Washington DC 20460 

phone: 202.566.0788 

room 5233H 
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To: Behl, Betsy[Behi.Betsy@epa.gov]; Strong, Jamie[Strong.Jamie@epa.gov] 
Cc: Gaines, Linda[Gaines.Linda@epa.gov]; Cooke, Maryt[Cooke.Maryt@epa.gov]; Burchette, 
John[Burchette.John@epa.gov]; Gervais, Gregory[Gervais.Gregory@epa.gov]; Donohue, 
Joyce[Donohue.Joyce@epa.gov]; Raffaele, Kathleen[raffaele.kathleen@epa.gov]; Foster, 
Stiven[Foster.Stiven@epa.gov] 
From: Scozzafava, MichaeiE 
Sent: Mon 2/22/2016 1:11:42 PM 
Subject: FW: PFOA HA for internal review 
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From: Gaines, Linda 
Sent: Thursday, February 18, 2016 3:03PM 
To: Scozzafava, MichaelE <Scozzafava.MichaelE@epa.gov> 
Subject: RE: PFOA HA for internal review 

Linda G.T. Gaines, Ph.D., P.E. 
Environmental Health Scientist 
U.S. Environmental Protection Agency 
OLEMIOSRTIIARD/Science Policy Branch 

From: Scozzafava, MichaelE 
Sent: Friday, February 12, 2016 2:25PM 
To: Gaines, Linda 
Subject: Fwd: PFOA HA for internal review 

Michael Scozzafava, Chief 

Science Policy Branch 

OSWER/OSRTI/ ARD 

Sent from my iPhone 

Begin forwarded message: 

From: "Behl, Betsy" 
Date: February 12, 2016 at 2:23:44 PM EST 
To: "Cantilli, Robert" 

"Cooke, Maryt" 
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"Southerland, Elizabeth" 
"Flaherty, Colleen" 

Subject: PFOA HA for internal review 

Greetings all, 

Attached above is the draft PFOA Health Advisory (HA) for your review. The document 
has been spell checked but has not been through a final technical edit. We plan to address 
your comments and then have a final technical edit done prior to the issuance of the Health 
Advisories (HAs). 

Our date for release of the HAs is March, which is coming up fast. I am asking for 
comments a week from Monday (2/22). Please do what you can to meet this date. This 
document is not as lengthy as the HESDs, so the review should be easier. The next 
document you will see is the HA for PFOS, the week of 2/22. 

Many thanks in advance for your comments, Betsy 

Elizabeth (Betsy) Behl, Director 

Health and Ecological Criteria Division, 4304-T 

Office of Science and Technology, Office of Water 

United States Environmental Protection Agency 

1200 Pennsylvania Avenue, NW 

Washington DC 20460 

phone: 202.566.0788 

ED _000954(915)_Processed_PSTs-2_DD _00003587 -00003 



EPA-HQ-2016-005679 06/14/2017 

room 5233H 
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To: 
From: 
Sent: 
Subject: 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Strong, Jamie 
Fri 2/19/2016 8:36:02 PM 
FW: PFOA HA-FOR YOUR REVIEW 

From: Strong, Jamie 
Sent: Wednesday, January 27, 2016 1 :15 PM 
To: Behl, Betsy <Behi.Betsy@epa.gov> 
Cc: Donohue, Joyce <Donohue.Joyce@epa.gov>; Hackett, Edward 
<hackett.edward@epa.gov>; Flaherty, Colleen <Fiaherty.Colleen@epa.gov>; Harper, Ashley 
<harper.ashley@epa.gov> 
Subject: PFOA HA-FOR YOUR REVIEW 
Importance: High 

Betsy, 

Please find attached the PFOA HA for your review. The document has not been tech 
edited (I am going to see if ORNL can do a formal tech edit and fix the TOC). We also 
need to check the reference list against the text. I have run a spell check. There are 
also a couple comment bubbles left for you to weigh in on. 

I expect to get PFOS from Joyce today (later this evening) and will try to turn around by 
tomorrow. 

Joyce, Ed, and Carol (she worked late last night outside of work hours) put in a 
tremendous amount of work to get these drafts completed. I truly appreciate the effort. 
We are doing everything we can to stay on schedule and the work here went above and 
beyond. 

We need to set up a meeting next week to talk about the issues we discussed yesterday 
(lifetime advisory for developmental effect and exposure inputs; public comments; etc.) 

Let me know if you have any questions. 
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Jamie 
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From: Behl, Betsy 
Required Attendees: acalafat@cdc.gov; are8@cdc.gov; Strong, Jamie; Donohue, 
Joyce 
Location: Betsy Behl Office 
I mporta nee : Norma I !-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-! 

subject: c_Dc briefing on PFC health advisory: call in:i Conference Code/ Ex. 6 i 
Start Date/T1me: Mon 2/22/2016 3:00:00 PM ! ! 
End Date/Time: Mon 2/22/2 016 4:00:00 PM ~--·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-; 
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To: 
From: 
Sent: 
Subject: 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Strong, Jamie 
Fri 2/19/2016 6:25:21 PM 
RE: cancer MOA 

From: Donohue, Joyce 
Sent: Friday, February 19,2016 1:16PM 
To: Strong, Jamie <Strong.Jamie@epa.gov> 
Subject: RE: cancer MOA 

From: Strong, Jamie 
Sent: Friday, February 19, 2016 1:08PM 
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To: Donohue, Joyce 
Subject: cancer MOA 

Can't remember ifl sent this or not! 

Jamie Strong, Chief Human Health Risk Assessment Branch 

Health and Ecological Criteria Division, 4304-T 

Office of Science and Technology, Office of Water 

United States Environmental Protection Agency 

1200 Pennsylvania Avenue, NW 

Washington DC 20460 

phone: 202.566.0056 

fax: 202.566.1140 
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To: 
Cc: 
From: 
Sent: 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Hackett, Edward[hackett.edward@epa.gov] 
Strong, Jamie 
Fri 2/12/2016 4:58:54 PM 

Subject: RE: NEED RESPONSE PFOA NJ COMMENT-JOEL BRIEFING 

Thanks Joyce, enjoy your day. We wont bother you anymore! 

-----Original Message----
From: Donohue, Joyce 
Sent: Friday, February 12, 2016 11:56 AM 
To: Strong, Jamie <Strong.Jamie@epa.gov> 
Subject: RE: NEED RESPONSE PFOA NJ COMMENT-JOEL BRIEFING 

Deliberative Process I Ex. 5 

From: Strong, Jamie 
Sent: Friday, February 12, 2016 10:38 AM 
To: Donohue, Joyce 
Subject: NEED RESPONSE PFOA NJ COMMENT-JOEL BRIEFING 

Joyce, 
Can you gin up a paragraph responding to Gloria s comment below: 

Deliberative Process I Ex. 5 
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r·-·-·-·-·-·-·-·-·-·-·-·-·oeiriie-ratfve·-·-fi·r:·cices_s ___ T_E·x·~·-·-s-·-·-·-·-·-·-·-·-·-·-·-·-1 
~---·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·j 
Thanks, 
Jamie 

Jamie Strong, Chief Human Health Risk Assessment Branch Health and Ecological Criteria Division, 
4304-T Office of Science and Technology, Office of Water United States Environmental Protection 
Agency 
1200 Pennsylvania Avenue, NW 
Washington DC 20460 

phone: 202.566.0056 
fax: 202.566.1140 
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To: 
From: 
Sent: 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Strong, Jamie 
Fri 2/12/2016 4:33:23 PM 

Subject: RE: NEED RESPONSE PFOA NJ COMMENT-JOEL BRIEFING 

It is to add to the HA. It was in NJ comments and Joel brought them up yesterday. 

-----Original Message----
From: Donohue, Joyce 
Sent: Friday, February 12, 2016 11:04 AM 
To: Strong, Jamie <Strong.Jamie@epa.gov> 
Subject: RE: NEED RESPONSE PFOA NJ COMMENT-JOEL BRIEFING 

I can give you a response but it will not be a quick reply. I'll get it to you before I go. Let me make sure 
that I am not doing this for a response to comment, I am doing it so you can reply to Joel. Yes or No? 

From: Strong, Jamie 
Sent: Friday, February 12, 2016 10:38 AM 
To: Donohue, Joyce 
Subject: NEED RESPONSE PFOA NJ COMMENT-JOEL BRIEFING 

Joyce, 
Can you gin up a paragraph responding to Gloria s comment below: 
.. -·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-· 
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i Deliberative Process I Ex. 5 
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~---·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-· 
Thanks, 
Jamie 

Jamie Strong, Chief Human Health Risk Assessment Branch Health and Ecological Criteria Division, 
4304-T Office of Science and Technology, Office of Water United States Environmental Protection 
Agency 
1200 Pennsylvania Avenue, NW 
Washington DC 20460 

phone: 202.566.0056 
fax: 202.566.1140 
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To: 
From: 
Sent: 
Subject: 

Joyce, 

EPA-HQ-2016-005679 06/14/2017 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Strong, Jamie 
Fri 2/12/2016 3:38:04 PM 
NEED RESPONSE PFOA NJ COMMENT-JOEL BRIEFING 

Can you gin up a paragraph responding to Gloria's comment below: 

-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-) 

Deliberative Process I Ex. 5 
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Thanks, 

Jamie 

Jamie Strong, Chief Human Health Risk Assessment Branch 

Health and Ecological Criteria Division, 4304-T 

Office of Science and Technology, Office of Water 

United States Environmental Protection Agency 

1200 Pennsylvania Avenue, NW 

Washington DC 20460 

phone: 202.566.0056 

fax: 202.566.1140 
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To: Strong, Jamie[Strong.Jamie@epa.gov]; Flaherty, Colleen[Fiaherty.Colleen@epa.gov]; 
Donohue, Joyce[Donohue.Joyce@epa.gov] 
From: Behl, Betsy 
Sent: Fri 2/12/2016 4:15:10 AM 
Subject: SOME ADDITIONS TO THE TABLE OF GUIDELINES (pfoa HA) 

Elizabeth (Betsy) Behl, Director 

Health and Ecological Criteria Division, 4304-T 

Office of Science and Technology, Office of Water 

United States Environmental Protection Agency 

1200 Pennsylvania Avenue, NW 

Washington DC 20460 

phone: 202.566.0788 

room 5233H 
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To: 
From: 
Sent: 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Strong, Jamie 
Tue 2/9/2016 2:45:30 PM 

Subject: PFOA PFOS next steps and response to peer review 

Joyce, 

Here is the response to comments that both Colleen and I tried to add some of the responses you 
have generated during the development of the HA. There are still a lot of holes. John 
Wambaugh was asked to provide responses for questions 6-8 by the end of this week. Priorities 
right now should be to focus on revising the HED. The following are what I have on my list: 

1. Revision of the HESDs per Agency comments 

a. MOA write up 

b. Work with Glinda on epi (key studies, potential hazards) 

c. Lit search and study selection 

d. inclusion and exclusion criteria 

2. Response to Peer Reviewers (attached) 

Thanks, 

Jamie 

Jamie Strong, Chief Human Health Risk Assessment Branch 

Health and Ecological Criteria Division, 4304-T 

Office of Science and Technology, Office of Water 

United States Environmental Protection Agency 

1200 Pennsylvania Avenue, NW 

Washington DC 20460 
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phone: 202.566.0056 

fax: 202.566.1140 
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To: 
From: 
Sent: 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Hackett, Edward 
Thur 2/4/2016 7:21:15 PM 

Subject: RE: PFOA HA FOR YOUR REVIEW AND REVISION 

From: Donohue, Joyce 
Sent: Thursday, February 04, 2016 12:37 PM 
To: Hackett, Edward <hackett.edward@epa.gov> 
Subject: FW: PFOA HA FOR YOUR REVIEW AND REVISION 
Importance: High 

From: Strong, Jamie 
Sent: Thursday, February 04,2016 12:10 PM 
To: Donohue, Joyce 
Subject: PFOA HA FOR YOUR REVIEW AND REVISION 
Importance: High 

Joyce, 

Here is the PFOA HA. I have done what I can with Betsy and Colleen's edits and comments. 
We are still waiting on comments and edits from OGWDW and OPPT so what I would like for 
you to do is to focus on Section 4 (Prob Form) and beyond. I'd like for you to tum your 
attention to this (I know you are working on comments and the HESD ... the lit search and human 
stuff). Betsy wants to send these out next week. Ideally if I could get this back tomorrow that 
would be good. 

Thanks, 
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Jamie 

Jamie Strong, Chief Human Health Risk Assessment Branch 

Health and Ecological Criteria Division, 4304-T 

Office of Science and Technology, Office of Water 

United States Environmental Protection Agency 

1200 Pennsylvania Avenue, NW 

Washington DC 20460 

phone: 202.566.0056 

fax: 202.566.1140 
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To: 
From: 
Sent: 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Strong, Jamie 
Thur 2/4/2016 5:09:39 PM 

Subject: PFOA HA FOR YOUR REVIEW AND REVISION 

Joyce, 

Here is the PFOA HA. I have done what I can with Betsy and Colleen's edits and comments. 
We are still waiting on comments and edits from OGWDW and OPPT so what I would like for 
you to do is to focus on Section 4 (Prob Form) and beyond. I'd like for you to tum your 
attention to this (I know you are working on comments and the HESD ... the lit search and human 
stuff). Betsy wants to send these out next week. Ideally if I could get this back tomorrow that 
would be good. 

Thanks, 

Jamie 

Jamie Strong, Chief Human Health Risk Assessment Branch 

Health and Ecological Criteria Division, 4304-T 

Office of Science and Technology, Office of Water 

United States Environmental Protection Agency 

1200 Pennsylvania Avenue, NW 

Washington DC 20460 

phone: 202.566.0056 

fax: 202.566.1140 
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To: 
From: 
Sent: 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Strong, Jamie 
Wed 2/3/2016 2:44:09 PM 

Subject: FW: comment requested on PFOA presentation for OW AA 

From: Behl, Betsy 
Sent: Wednesday, February 03,2016 9:44AM 
To: Bumeson, Eric <Bumeson.Eric@epa.gov>; Huff, Lisa <Huff.Lisa@epa.gov>; Cooke, Maryt 
<Cooke.Maryt@epa.gov>; Henry, Tala <Henry.Tala@epa.gov>; Scozzafava, MichaelE 
<Scozzafava.MichaelE@epa.gov> 
Cc: Strong, Jamie <Strong.Jamie@epa.gov>; Flaherty, Colleen <Flaherty.Colleen@epa.gov> 
Subject: comment requested on PFOA presentation for OW AA 

We have several placeholders in the attached ppt for slides (OGWDW and OLEM) and we need 
to send this to Joel on Monday, so I would like to request the slides by Friday. I know you have 
been working on them for some time. 

Please feel free to comment on other slides, but I wanted to direct you specific attention to : 

Deliberative Process I Ex. 5 
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Thanks, Betsy 

phone: 202.566.0788 

room 5233H 

EPA-HQ-2016-005679 06/14/2017 
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From: Strong, Jamie 
Required Attendees: Donohue, Joyce; Hackett, Edward 
Optional Attendees: Flaherty, Colleen; Behl, Betsy 
Location: DCRoomWest5231 L!DC-CCW-OST 
Importance: Normal 
Subject: Discuss PFOA and PFOS internal agency review comments 
Start Date/Time: Tue 2/2/2016 2:00:00 PM 
End Date/Time: Tue 2/2/2016 3:00:00 PM 

··-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·· 

I Deliberative Process I Ex. sl , , 
i i 
i i 
i..·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-i 

Here are the comments I have to date. I believe this is all of them. 

Jamie 

PFOA-

PFOS-
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Strong, Jamie 

From: Behl, Betsy 
Sent: 
To: 

Tuesday, January 26,2016 1:00PM 
Raffaele, Kathleen; Foster, Stiven 

Cc: 
Subject: 

Scozzafava, MichaeiE; Strong, Jamie; Flaherty, Coli een 
RE: PFOS HESD for internal review 

From: Raffaele, Kathleen 
Sent: Tuesday, January 26, 2016 11:57 AM 
To: Behl, Betsy <Behi.Betsy@epa.gov>; Foster, Stiven <Foster.Stiven@epa.gov> 
Cc: S:::ozzafava, M ichaeiE <Scozzafava. M ichaeiE@epa.gov> 
Subject: FE PFCEHESD for internal review 

Kathleen Raffaele, Ph.D. 

Senior Science Advisor 
Policy Analysis and Regulatory Management Staff 
Office of Land and Emergency Management (OLEM) 
U.S. EPA 

Telephone (202) 566-0301 

Mailcode 5103T 

From: Behl, Betsy 
Sent: Tuesday, January 26, 2016 11:27 AM 
To: Foster, Stiven 
Cc: S:::ozzafava, M ichaeiE ~~§@:\@J~t:@§~~M~ 
Subject: FE PFCEHESD for internal review 
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From: Foster, Stiven 
Sent: Wednesday, January 13, 2016 1:44PM 
To: Behl, Betsy 
Cc: Raffaele, Kathleen <fi'~'@l~·'@.JS§!!t!J!§~~~JQ:t 
Subject: RN: FFa3 HESD for internal review 

From: Scozzafava, MichaeiE 
Sent: Wednesday, January 13, 2016 1:22PM 
To: Raffaele, Kathleen <J:S'~tt§~§J'@.Js§ln!§~~~JQ:t 
Subject: RN: FFa3 HESD for internal review 

From: Gaines, Linda 
Sent: Wednesday, January 13, 2016 11:49 AM 

Strong, Jamie 

To: Scozzafava, MichaeiE ~~f!@~Mlfffi~~::!illlQY> Burgess, Michele 

Subject: FE FFCEHESD for internal review 

Linda G.T. Gaines, Ph.D, P.E. 
Environmental Health Scientist 
U.S. Environmental Protection Agency 
OLEM/OSRT lARD/Science Policy Branch 

From: Scozzafava, MichaeiE 
Sent: Friday, January 08, 2016 11:57 AM 
To: Burgess, Michele 

Subject: RN: FFa3 HESD for internal review 
Importance: High 

Kirk, Andrea 

2 

Kirk, Andrea 

Gaines, Linda 
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From: Behl, Betsy 
Sent: Friday, January 08, 2016 11:54 AM 
To: S:ozzafava, MichaeiE ~~~~M!<;;m~~2SYIQY> 
Cc: Strong, Jamie 
Subject: RN: FFa3 HESD for internal review 
Importance: High 

From: Behl, Betsy 
Sent: Thursday, December 17, 20151:23 PM 
To: Cantilli, Robert 

Cc: Thomas, Russell 
Subject: FFCBHESD for internal review 
Importance: High 

Henry, Tala 

Attached above is the FFCBHealth Effects Support [))cument (HESD) for your review. The document has been spell 
checked but has not been through a final technical edit. We plan to address your comments and have then have a final 
technical edit done prior to the issuance of the Health Advisories (HAs). 

In addition to ON scientists, we have listed John Wambaugh as an author on the document as he conducted the FBA< 
modeling. We greatly appreciate his contribution to this document. We are also attaching the external peer review 
comments, for your information. 

There is much interest in the final HAs as well as pressure on s=>A to finalize and release these documents. This HESD 
provides the key science support for the point of departure for FFa3 that will be used in the I-lA calculation. OW would 
like to release the HAs in February, which is coming up fast. This is our plan for internal review of all the PFC 
documents: 

• FFCBHESD: begins internal review 12/17/2015.Commentsdue 1/11/2016 (current document) 
• FFOA HESD: begins internal review early January. Comments due 3 weeks later 
• FFOA and FFa3 HAs: begins internal review late January. Comments due 2 weeks later. 

Many thanks in advance for your comments, Betsy 

Elizabeth (Betsy) Behl, Director 
Health and Ecological Criteria Division, 4304-T 
Office of Science and Technology, Office of Water 
United States En vi ron mental Protection Agency 
1200 Pennsylvania Avenue, NN 
Washington DC 20460 

phone: 202.566.0788 
room 5233H 

3 
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To: 
Cc: 
From: 
Sent: 
Subject: 

Joyce, 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Hackett, Edward[hackett.edward@epa.gov] 
Strong, Jamie 
Mon 2/1/2016 7:35:59 PM 
PFC slides-NEED YOUR REVIEW 

Please see comment bubbles in attached. Colleen edited this and I have looked at it. 

Jamie 

Jamie Strong, Chief Human Health Risk Assessment Branch 

Health and Ecological Criteria Division, 4304-T 

Office of Science and Technology, Office of Water 

United States Environmental Protection Agency 

1200 Pennsylvania Avenue, NW 

Washington DC 20460 

phone: 202.566.0056 

fax: 202.566.1140 
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To: 
From: 

Donohue, Joyce[Donohue.Joyce@epa.gov]; Hackett, Edward[hackett.edward@epa.gov] 
Strong, Jamie 

Sent: Mon 2/1/2016 6:34:28 PM 
Subject: FW: NHEERL comments of PFOA document by OW 

From: Behl, Betsy 
Sent: Friday, January 29,201611:30 AM 
To: Strong, Jamie <Strong.Jamie@epa.gov> 
Subject: FW: NHEERL comments of PFOA document by OW 

From: Cantilli, Robert 
Sent: Friday, January 29, 2016 11:08 AM 
To: Behl, Betsy 
Cc: Fegley, Robert 
Subject: Fw: NHEERL comments of PFOA document by OW 

Betsy: 

I now have comments from NHEERL (attached) and just heard back from NERL 
(Andrew Lindstrom) that they are fine with the current draft of the PFOA HESD. Lynn 
(NCEA) says she will get me something by today. As soon as I receive her comments I 
will forward to you. Bob. 

From: Lau, Chris 
Sent: Tuesday, January 26, 2016 10:58 AM 
To: Cantilli, Robert 
Cc: Walton, Barb; Rogers, John M. 
Subject: NHEERL comments of PFOA document by OW 

ED _000954(915)_Processed_PSTs-2_DD _00004427 -00001 
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Bob, Barb and John: 

Attached please find my comments on the OW PFOA health effects document. Feel free to edit, 
if necessary. Thanks. 

Chris 

Christopher Lau, Ph.D. 

Chief, Developmental Toxicology Branch 

Toxicity Assessment Division, Mail Code B105-04 

National Health and Environmental Effects Research laboratory 

US Environmental Protection Agency 

Research Triangle Park, NC 27711 

Phone: 919 541-5097 

Fax: 919 541-4849 
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To: 
From: 

Donohue, Joyce[Donohue.Joyce@epa.gov]; Hackett, Edward[hackett.edward@epa.gov] 
Strong, Jamie 

Sent: Mon 2/1/2016 6:34:15 PM 
Subject: FW: PFOA HESD for final internal agency review 

From: Behl, Betsy 
Sent: Friday, January 29, 2016 4:57PM 
To: Strong, Jamie <Strong.Jamie@epa.gov> 
Subject: FW: PFOA HESD for final internal agency review 
Importance: High 

From: Gaines, Linda 
Sent: Friday, January 29, 2016 4:48PM 
To: Behl, Betsy 
Cc: Scozzafava, MichaelE 
Subject: FW: PFOA HESD for final internal agency review 
Importance: High 

Linda G.T. Gaines, Ph.D., P.E. 
Environmental Health Scientist 
U.S. Environmental Protection Agency 
OLEMIOSRTIIARD/Science Policy Branch 
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From: Scozzafava, MichaelE 
Sent: Friday, January 08, 2016 11:56 AM 
To: Gaines, Linda Burgess, Michele 
Kirk, Andrea 
Subject: FW: PFOA HESD for final internal agency review 
Importance: High 

From: Behl, Betsy 
Sent: Friday, January 08, 2016 11:52 AM 
To: Scozzafava, MichaelE 
Subject: PFOA HESD for final internal agency review 
Importance: High 

ED_ 000954(915 )_Processed_PSTs-2_00 _ 00004429-00002 
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From: Behl, Betsy 
Sent: Friday, January 08, 2016 10:46 AM 
To: Cantilli, Robert 
F oos, Brenda 
Michael' 
Cc: Southerland, Elizabeth 

Thomas, Russell 
Strong, Jamie 

Subject: PFOA HESD for final internal agency review 
Importance: High 

Many thanks to you all for your review of our PFOS document. We are expecting comments by 
Monday January 11, so that we can keep to our schedule to publish final HAs. As you can 
imagine, the recent report ofPFCs in drinking water in Hoosick Falls, NY and articles in the 
press have heightened interest in EPA finalizing these HAs as well as our timetable. 

Attached above is the final draft PFOA Health Effects Support Document (HESD) for your 
review. This is the second and last HESD for PFCs which we requesting you to review. Like 
the PFOS document, this document has been spell checked but has not been through a final 
technical edit. We plan to address your comments and have then have a final technical edit done 
prior to the issuance of the Health Advisories (HAs). We are also attaching the external peer 
review comments, for your information. 

This HESD provides the key science support for the point of departure for PFOA that will be 
used in the HA calculation. OW would like to release the HAs in March, which is coming up 
fast. This is our plan for internal review of all the PFC documents: 

'--''--'~'--''--'~'--'~ PFOA HESD: begins internal review 1/8/2016. Comments due 1/29/2016 (3 
weeks) (current document) 

c_j'__cl_j'--'LJ'--''--''--' PFOA and PFOS HAs: begin internal review late January/early February. 
Comments due 2 weeks later. 
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Many thanks in advance for your comments, Betsy 

Elizabeth (Betsy) Behl, Director 

Health and Ecological Criteria Division, 4304-T 

Office of Science and Technology, Office of Water 

United States Environmental Protection Agency 

1200 Pennsylvania Avenue, NW 

Washington DC 20460 

phone: 202.566.0788 
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To: 
From: 

Donohue, Joyce[Donohue.Joyce@epa.gov]; Hackett, Edward[hackett.edward@epa.gov] 
Strong, Jamie 

Sent: Fri 1/29/2016 4:31:29 PM 
Subject: FW: NHEERL comments of PFOA document by OW 

From: Behl, Betsy 
Sent: Friday, January 29,201611:30 AM 
To: Strong, Jamie <Strong.Jamie@epa.gov> 
Subject: FW: NHEERL comments of PFOA document by OW 

From: Cantilli, Robert 
Sent: Friday, January 29, 2016 11:08 AM 
To: Behl, Betsy 
Cc: Fegley, Robert 
Subject: Fw: NHEERL comments of PFOA document by OW 

Betsy: 

I now have comments from NHEERL (attached) and just heard back from NERL 
(Andrew Lindstrom) that they are fine with the current draft of the PFOA HESD. Lynn 
(NCEA) says she will get me something by today. As soon as I receive her comments I 
will forward to you. Bob. 

From: Lau, Chris 
Sent: Tuesday, January 26, 2016 10:58 AM 
To: Cantilli, Robert 
Cc: Walton, Barb; Rogers, John M. 
Subject: NHEERL comments of PFOA document by OW 
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Bob, Barb and John: 

Attached please find my comments on the OW PFOA health effects document. Feel free to edit, 
if necessary. Thanks. 

Chris 

Christopher Lau, Ph.D. 

Chief, Developmental Toxicology Branch 

Toxicity Assessment Division, Mail Code B105-04 

National Health and Environmental Effects Research laboratory 

US Environmental Protection Agency 

Research Triangle Park, NC 27711 

Phone: 919 541-5097 

Fax: 919 541-4849 
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To: 
From: 
Sent: 
Subject: 

Hi, 

EPA-HQ-2016-005679 06/14/2017 

Strong, Jamie[Strong.Jamie@epa.gov]; Donohue, Joyce[Donohue.Joyce@epa.gov] 
Pabst, Douglas 
Thur 1/28/2016 10:16:54 PM 
EPA Region 2 Statement on PFOA in Hoosick Falls 

Wanted to keep you in the loop in case you have not seen. 

Tx-Doug 
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To: 
From: 

Strong, Jamie[Strong.Jamie@epa.gov]; Donohue, Joyce[Donohue.Joyce@epa.gov] 
Hackett, Edward 

Sent: Thur 1/28/2016 6:33:11 PM 
Subject: RE: Things to do for the PFOS HA 

Yup. Here it is. 

-----Original Message----
From: Strong, Jamie 
Sent: Thursday, January 28, 2016 1:29PM 
To: Hackett, Edward <hackett.edward@epa.gov>; Donohue, Joyce <Donohue.Joyce@epa.gov> 
Subject: Re: Things to do for the PFOS HA 

can you fix the table and send to me? 

From: Hackett, Edward 
Sent: Thursday, January 28, 2016 1:22PM 
To: Strong, Jamie; Donohue, Joyce 
Subject: RE: Things to do for the PFOS HA 

No, I added Delaware, but it must've gotten skipped in the additions. Also, there is discrepancy between 
Michigan values from the spreadsheet and found. 

-----Original Message----
From: Strong, Jamie 
Sent: Thursday, January 28, 2016 1:19PM 
To: Donohue, Joyce <Donohue.Joyce@epa.gov> 
Cc: Hackett, Edward <hackett.edward@epa.gov> 
Subject: Re: Things to do for the PFOS HA 

and were all the state guideline values added? 

From: Donohue, Joyce 
Sent: Thursday, January 28, 2016 12:40 PM 
To: Strong, Jamie 
Cc: Hackett, Edward 
Subject: RE: Things to do for the PFOS HA 

This has my answers and Edwards update on the USGS. 

The lead meeting was very important but long, thus, my delay. 

Joyce 

-----Original Message----
From: Strong, Jamie 
Sent: Thursday, January 28,2016 10:53 AM 
To: Donohue, Joyce <Donohue.Joyce@epa.gov> 
Subject: Re: Things to do for the PFOS HA 

okay, thanks. after the lead meeting can you send me an little summary paragraph? i cant get on right at 
11. 
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From: Donohue, Joyce 
Sent: Thursday, January 28,2016 10:46 AM 
To: Strong, Jamie 
Subject: RE: Things to do for the PFOS HA 

The attachments has my responses my responses and additions. I have an important lead meeting that 
sill appeard to be on at 11. 

-----Original Message----
From: Strong, Jamie 
Sent: Thursday, January 28, 2016 9:26AM 
To: Donohue, Joyce <Donohue.Joyce@epa.gov>; Hackett, Edward <hackett.edward@epa.gov> 
Subject: Re: Things to do for the PFOS HA (Edward) 

Joyce, 
I have a couple questions ... see responses in comment bubbles. 
Jamie 

From: Donohue, Joyce 
Sent: Thursday, January 28, 2016 7:34AM 
To: Hackett, Edward 
Cc: Strong, Jamie 
Subject: Things to do for the PFOS HA (Edward) 

Dear Edward. 

Attached is the recent PFOS HA I just sent Jamie. Can you see if anything should be added from the 
USGS reports. Just work with the section not the entire HA. 

After you do that will you identify the references cited that are not in the reference list. Just make a list 
the way that Carol did so they can be added after the reviews are complete and the documents stable. 
Then we can cut and paste citations from the HED where they are there and add any papers that are 
missing from both. 

Call is you have any questions 

Joyce 
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To: 
From: 
Sent: 
Subject: 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Hackett, Edward 
Thur 1/28/2016 6:30:48 PM 
RE: Things to do for the PFOS HA (Edward) 

It's the complete. Do you want me to separate the ones that need adding? Also, I'll resend the PFOS HA I 
send with the state guideline edits in there and citation comments. 

-----Original Message----
From: Donohue, Joyce 
Sent: Thursday, January 28, 2016 1:29PM 
To: Hackett, Edward <hackett.edward@epa.gov> 
Subject: RE: Things to do for the PFOS HA (Edward) 

Is this the complete reference list or just what has to be added. It seems to be the complete reference 
list. 

-----Original Message----
From: Hackett, Edward 
Sent: Thursday, January 28, 2016 12:34 PM 
To: Donohue, Joyce <Donohue.Joyce@epa.gov> 
Subject: RE: Things to do for the PFOS HA (Edward) 

Sorry it took so long, but here are all the references from the HA. 

Ed 

-----Original Message----
From: Donohue, Joyce 
Sent: Thursday, January 28,2016 10:53 AM 
To: Hackett, Edward <hackett.edward@epa.gov> 
Subject: RE: Things to do for the PFOS HA (Edward) 

Not the citations just send me what you did with the paragraoh that has the USGS update 

-----Original Message----
From: Hackett, Edward 
Sent: Thursday, January 28,2016 10:52 AM 
To: Donohue, Joyce <Donohue.Joyce@epa.gov> 
Subject: RE: Things to do for the PFOS HA (Edward) 

Sorry it is taking so long. There are a lot of citations to go through 

-----Original Message----
From: Donohue, Joyce 
Sent: Thursday, January 28,2016 10:49 AM 
To: Strong, Jamie <Strong.Jamie@epa.gov>; Hackett, Edward <hackett.edward@epa.gov> 
Subject: RE: Things to do for the PFOS HA (Edward) 

You can hold off on looking at what I just sent until I get the insert from Edward. 

-----Original Message----
From: Strong, Jamie 
Sent: Thursday, January 28,2016 10:39 AM 
To: Hackett, Edward <hackett.edward@epa.gov>; Donohue, Joyce <Donohue.Joyce@epa.gov> 
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Subject: Re: Things to do for the PFOS HA (Edward) 

okay, thanks ... Joyce, I will let you incorporate Eds edits and send me a revised version. 

From: Hackett, Edward 
Sent: Thursday, January 28, 2016 9:29AM 
To: Strong, Jamie; Donohue, Joyce 
Subject: RE: Things to do for the PFOS HA (Edward) 

In response to comment on my add, I added Arizona groundwater findings and citation (very simple add), 
but right now I'm going through and doing citations. I'm adding comments to citations I can't find or had to 
edit due to typo. 

-----Original Message----
From: Strong, Jamie 
Sent: Thursday, January 28, 2016 9:26AM 
To: Donohue, Joyce <Donohue.Joyce@epa.gov>; Hackett, Edward <hackett.edward@epa.gov> 
Subject: Re: Things to do for the PFOS HA (Edward) 

Joyce, 
I have a couple questions ... see responses in comment bubbles. 
Jamie 

From: Donohue, Joyce 
Sent: Thursday, January 28, 2016 7:34AM 
To: Hackett, Edward 
Cc: Strong, Jamie 
Subject: Things to do for the PFOS HA (Edward) 

Dear Edward. 

Attached is the recent PFOS HA I just sent Jamie. Can you see if anything should be added from the 
USGS reports. Just work with the section not the entire HA. 

After you do that will you identify the references cited that are not in the reference list. Just make a list 
the way that Carol did so they can be added after the reviews are complete and the documents stable. 
Then we can cut and paste citations from the HED where they are there and add any papers that are 
missing from both. 

Call is you have any questions 

Joyce 
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To: 
From: 
Sent: 
Subject: 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Hackett, Edward 
Thur 1/28/2016 3:58:06 PM 
RE: Things to do for the PFOS HA (Edward) 

Oh. That took two seconds since there were only two things to add. Sorry for the mix up. I'm making 
comments on citations on that document too, so ignore those comments for now I guess. 

-----Original Message----
From: Donohue, Joyce 
Sent: Thursday, January 28,2016 10:53 AM 
To: Hackett, Edward <hackett.edward@epa.gov> 
Subject: RE: Things to do for the PFOS HA (Edward) 

Not the citations just send me what you did with the paragraoh that has the USGS update 

-----Original Message----
From: Hackett, Edward 
Sent: Thursday, January 28,2016 10:52 AM 
To: Donohue, Joyce <Donohue.Joyce@epa.gov> 
Subject: RE: Things to do for the PFOS HA (Edward) 

Sorry it is taking so long. There are a lot of citations to go through 

-----Original Message----
From: Donohue, Joyce 
Sent: Thursday, January 28,2016 10:49 AM 
To: Strong, Jamie <Strong.Jamie@epa.gov>; Hackett, Edward <hackett.edward@epa.gov> 
Subject: RE: Things to do for the PFOS HA (Edward) 

You can hold off on looking at what I just sent until I get the insert from Edward. 

-----Original Message----
From: Strong, Jamie 
Sent: Thursday, January 28,2016 10:39 AM 
To: Hackett, Edward <hackett.edward@epa.gov>; Donohue, Joyce <Donohue.Joyce@epa.gov> 
Subject: Re: Things to do for the PFOS HA (Edward) 

okay, thanks ... Joyce, I will let you incorporate Eds edits and send me a revised version. 

From: Hackett, Edward 
Sent: Thursday, January 28, 2016 9:29AM 
To: Strong, Jamie; Donohue, Joyce 
Subject: RE: Things to do for the PFOS HA (Edward) 

In response to comment on my add, I added Arizona groundwater findings and citation (very simple add), 
but right now I'm going through and doing citations. I'm adding comments to citations I can't find or had to 
edit due to typo. 

-----Original Message----
From: Strong, Jamie 
Sent: Thursday, January 28, 2016 9:26AM 
To: Donohue, Joyce <Donohue.Joyce@epa.gov>; Hackett, Edward <hackett.edward@epa.gov> 
Subject: Re: Things to do for the PFOS HA (Edward) 
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Joyce, 
I have a couple questions ... see responses in comment bubbles. 
Jamie 

From: Donohue, Joyce 
Sent: Thursday, January 28, 2016 7:34AM 
To: Hackett, Edward 
Cc: Strong, Jamie 
Subject: Things to do for the PFOS HA (Edward) 

Dear Edward. 

Attached is the recent PFOS HA I just sent Jamie. Can you see if anything should be added from the 
USGS reports. Just work with the section not the entire HA. 

After you do that will you identify the references cited that are not in the reference list. Just make a list 
the way that Carol did so they can be added after the reviews are complete and the documents stable. 
Then we can cut and paste citations from the HED where they are there and add any papers that are 
missing from both. 

Call is you have any questions 

Joyce 
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To: 
From: 

Donohue, Joyce[Donohue.Joyce@epa.gov]; Hackett, Edward[hackett.edward@epa.gov] 
Strong, Jamie 

Sent: Thur 1/28/2016 2:25:34 PM 
Subject: Re: Things to do for the PFOS HA (Edward) 

Joyce, 
I have a couple questions ... see responses in comment bubbles. 
Jamie 

From: Donohue, Joyce 
Sent: Thursday, January 28, 2016 7:34AM 
To: Hackett, Edward 
Cc: Strong, Jamie 
Subject: Things to do for the PFOS HA (Edward) 

Dear Edward. 

Attached is the recent PFOS HA I just sent Jamie. Can you see if anything should be added from the 
USGS reports. Just work with the section not the entire HA. 

After you do that will you identify the references cited that are not in the reference list. Just make a list 
the way that Carol did so they can be added after the reviews are complete and the documents stable. 
Then we can cut and paste citations from the HED where they are there and add any papers that are 
missing from both. 

Call is you have any questions 

Joyce 
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To: 
From: 
Sent: 
Subject: 

Hi Joyce, 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Krasnic, Toni 
Wed 1/27/2016 8:03:50 PM 
PFC Action Plan 

Attached is our PFC action plan from 2009. In it, you'll find a discussion of precursors. 

Laurence's #is 202-564-8553. 

Toni Krasnic 

Existing Chemicals Branch 

EPA/OCSPP/OPPT/CCD/ECB 

WJC East, 4134D I (202) 564-0984 
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U.S. Environmental Protection Agency 

I. Overview 

Long-Chain Perfluorinated Chemicals (PFCs) 
Action Plan 

12/30/2009 

Long-chain perfluorinated chemicals (PFCs) 1 are found world-wide in the environment, 
wildlife, and humans. They are bioaccumulative in wildlife and humans, and are persistent in the 
environment. To date, significant adverse effects have not been found in the general human 
population; however, significant adverse effects have been identified in laboratory animals and 
wildlife. Given the long half-life of these chemicals in humans (years), it can reasonably be 
anticipated that continued exposure could increase body burdens to levels that would result in 
adverse outcomes. 

Since 2000, the Agency has taken various actions to help minimize the potential impact 
of PFCs on human health and the environment, including the publication of three Significant 
New Use Rules on perfluoroalkyl sulfonate (PF AS) chemicals and the review of substitutes for 
long-chain PFCs as part of its review process for new chemicals under EPA's New Chemicals 
Program. Although such actions are important steps to reducing exposure to these chemicals, 
EPA continues to be concerned with long-chain PFCs. Consequently, EPA intends to propose 
actions in 2012 under the Toxic Substances Control Act (TSCA) to address the potential risks 
from long-chain PFCs. 

EPA intends to consider initiating TSCA section 6 rulemaking for managing long-chain 
PFCs. If EPA can make certain findings with respect to these chemicals (further analysis of the 
information will be performed as part of TSCA section 6 rulemaking), TSCA section 6 provides 
authority for EPA to ban or restrict the manufacture (including import), processing, and use of 
these chemicals. A rule addressing the PF AS sub-category could expand beyond the reach of the 
SNURs that the Agency has promulgated over the past decade. For example, the rule could 
address PF AS-containing articles. A rule addressing the perfluoroalkyl carboxylate (PF AC) sub
category could expand the reach ofthe 2010/15 PFOA Stewardship Program beyond the eight 
participating companies and further address the concerns for potential PF AC exposure through 
the use of PF AC-containing articles. EPA will develop more detailed assessments to support the 
TSCA section 6(a) "presents or will present an unreasonable risk" findings. If these more 
detailed assessments indicate that a different approach to risk management is appropriate, EPA 
will consider additional approaches. 

Long-chain PFCs are a concern for children's health. Studies in laboratory animals have 
demonstrated developmental toxicity, including neonatal mortality. Children's exposures are 
greater than adults due to increased intakes of food, water, and air per pound ofbody weight, as 
well as child-specific exposure pathways such as breast milk consumption, mouthing and 
ingestion of non-food items, and increased contact with the floor. Biomonitoring studies have 
found PFCs in cord blood and breast milk, and have reported that children have higher levels of 

1 The terms long-chain PFCs, long-chain perfluoroalkyl sulfonate (PFAS), and long-chain perfluoroalkyl 
carboxylate (PF A C) chemicals in this document refer only to chemicals described in the chemical identity section, 
including certain polymers that contain perfluorinated moieties. They do not include other PFCs, particularly those 
having shorter chain lengths. 
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some PFCs compared to adults. Thus, given the pervasive exposure to PFCs, the persistence of 
PFCs in the environment, and studies finding deleterious health effects, EPA will examine the 
potential risks to fetuses and children. 

II. Introduction 

As part of EPA's efforts to enhance the existing chemicals program under the Toxic 
Substances Control Act (TSCA)2

, the Agency identified an initial list of widely recognized 
chemicals, including PFCs, for action plan development based on their presence in human blood; 
persistent, bioaccumulative, and toxic (PBT)3 characteristics; use in consumer products; 
production volume; and other similar factors. This Action Plan is based on EPA's initial review 
of readily available use, exposure, and hazard information4 on PFCs. EPA considered which of 
the various authorities provided under TSCA and other statutes might be appropriate to address 
potential concerns with PFCs in developing the Action Plan. The Action Plan is intended to 
describe the courses of action the Agency plans to pursue in the near term to address its 
concerns. The Action Plan does not constitute a final Agency determination or other final 
Agency action. Regulatory proceedings indicated by the Action Plan will include appropriate 
opportunities for public and stakeholder input, including through notice and comment 
rulemaking processes. 

III. Scope of Review 

Continuing contributions of PF AS/PF AC to the environmental/human reservoir are best 
addressed using a category approach. 

The PF AS/PF AC precursors may be polymers that are coated on a specific substrate. This 
action is considering only the contribution of precursors as a source of PF AS/PF AC, and not the 
inherent toxic effects of the polymer or exposure to dust that contains fluorinated polymers. 

Long-Chain Perfluoroalkyl Sulfonate (PFAS) Sub-Category 

The PF AS sub-category includes perfluorohexane sulfonic acid (PFHxS)5
, 

perfluorooctane sulfonic acid (PFOS) 6, and other higher homologues. The category also includes 
the acid salts and precursors. 

2 15 U.S.C. §2601 et seq. 
3 Infonnation on PBT chemicals can be found on the EPA website at 

~=~~--'~'~-'-~~,=~-~~~-

4Infonnation sources customarily employed include Inventory Update Reporting (IUR) submissions; Toxic Release 
Inventory (TRI) reporting; data submitted to the HPV Challenge Program; existing hazard and risk assessments 
performed by domestic and international authorities including but not limited to U.S. Federal government agencies, 
the Organization for Economic Cooperation and Development, the Stockholm Convention on Persistent Organic 
Pollutants, Health and Environment Canada, the European Union; and others. Action plans will reference specific 
sources used. 
5 CF3-(CF2) 5-S03H; CAS RN: [355-46-4]. 
6 CF3-(CF2)rS03H; CAS RN: [1763-23-1]. 

2 
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Long-Chain PFAS Sub-Category 

I 
I I I I I 

PFHxS PFOS Higher Homologues Salts Precursors 

The similarities of the chemicals within the PF AS sub-category can be established when 
reviewing representative structures of the different category member compounds: 

a. CF3(CF2)n-S03-M where M H+ or any other group where a formal dissociation can be made; 
and 

b. CF3(CF2)n-S(=O)y-X where y 0-2 and X is any chemical moiety. 

wheren > 4. 

Long-Chain Perfluoroalkyl Carboxylate (PFAC) Sub-Category 

The PF AC sub-category includes perfluorooctanoic acid (PFOA) 7 and other higher 
homologues. The category also includes the acid salts and precursors. 

Long-Chain PFAC Sub-Category 

I 
I I I I 

PFOA Higher Homologues Salts Precursors 

These similarities within the PF AC sub-category can be established by reviewing 
representative structures of the different category member compounds: 

a. CF3(CF2)n-COO-M where M H+ or any other group where a formal dissociation can be 
made; 

c. CF3(CF2)n-C(=O)-X where X is any chemical moiety; 

d. CF3(CF2)m-CH2-X where X is any chemical moiety; and 

e. CF3(CF2)m-Y-X where Y non-S, non-N hetero atom and where X is any chemical moiety. 

7 CF3-(CF2) 5-COOH; CAS RN: [335-67-1]. 

3 
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where n > 5 or m > 6. 

IV. Uses and Substitutes Summary 

Production Volume 

PF AS Chemicals 

Commercial production of PF AS chemicals began over half a century ago. Total 
production from 1970 to 2002 was estimated to be about 100,000 tons (Paul A.G., 2009). By 
2003, PFOS chemicals were no longer manufactured by 3M, the principal U.S. producer. 
However, production ofPFOS-related chemicals is still ongoing in other countries, though to a 
much smaller extent than before 2003 (POPRC, 2007). As PFOS-based products became more 
strictly regulated in developed countries, production shifted to other countries. For example, 
manufacturers in China began large scale production in 2003 at the advent of 3M's 2002 global 
PFOS phase-out. China had an annual production in 2004 of less than 50 tons, but has increased 
production dramatically in recent years, with an estimated production of more than 200 tons in 
2006. Approximately 100 tons of that amount is designated for export (POPs, 2008). 

PF AC Chemicals 

World-wide production offluorotelomers was estimated at 20 million pounds in 2006. 
The United States accounts for more than 50 percent of world-wide fluorotelomer production. 
Textiles and apparel account for approximately 50 percent of the volume, with carpet and carpet 
care products accounting for the next largest share in consumer product uses. Coatings, including 
those for paper products, are the third largest category of consumer product uses. 

Fluorotelomer release sources, and consequent exposure to fluorotelomers, can be 
explained through the examination of the life cycle of this category of chemicals: 

Manufacture of Monomers-+ Manufacture ofPolymers-+ Processing and Use-+ Product Life 

The manufacture of non-polymeric chemicals (surfactants, wetting agents, cleansers, etc.) 
is included in the manufacture of monomers. Some residual monomers are present in the various 
raw materials and final products of the different steps of manufacturing. Because each 
intermediate contains the same Rfmoiety, the polymers also contain this moiety. The 2010/15 
PFOA Stewardship Program encourages the elimination of PF AC precursors in product content. 
Companies reporting under PFOA Stewardship Program differentiate between the amounts of 
PF AC precursors present in the final polymer product as residuals and the amount present in the 
polymer as Rf moities. The availability of PF AC precursor from the content of residuals in 
fluorotelomer based polymer products (FTBP) would be small in comparison to the amount 
released should polymeric materials biodegrade in the environment. Potentially all monomeric, 
not just the small amounts of residual monomers and other monomer raw material and 
intermediates released at each of the four steps in the sequence above, could be PF AC 
precursors. 

4 
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Uses 

PFCs are substances with special properties that have thousands of important 
manufacturing and industrial applications. They impart valuable properties, including fire 
resistance and oil, stain, grease, and water repellency. For example, they are used to provide non
stick surfaces on cookware and waterproof, breathable membranes for clothing, and are used in 
many industry segments, including the aerospace, automotive, building/construction, chemical 
processing, electronics, semiconductors, and textile industries. 

PF AS Chemicals 

PF AS are synthetic chemicals that do not occur naturally in the environment. Long-chain 
PF AS chemicals, as defined in this action plan, are no longer manufactured in United States. 
However, there is a limited set of existing uses for which alternatives are not yet available, and 
which are characterized by low volume, low exposure potential, and low releases. 

The existing SNUR regulations on PF AS chemicals do not affect the continued use of 
existing stocks of the listed chemicals that had been manufactured or imported into the United 
States prior to the effective date of the SNURs. Existing products and formulations already in the 
United States containing these chemicals - for example, PFOS-based fire fighting foams 
produced before the rules took effect in 2002 - can also still be used without providing notice to 
the Agency. Because the PF AS SNURs exempt articles, PFOS may be imported or processed as 
part of an article without the Agency receiving prior notice. 

PF AC Chemicals 

PF AC are synthetic chemicals that do not occur naturally in the environment. PFOA is 
manufactured for use primarily as an aqueous dispersion agent [as the ammonium salt] in the 
manufacture of fluoropolymers, which are substances with special properties that have thousands 
of important manufacturing and industrial applications. 

PFOA also be produced unintentionally by the degradation of some fluorotelomers, 
which are not manufactured using PFOA but could degrade to PFOA. Fluorotelomers are used to 
make polymers that impart soil, stain, grease, and water resistance to coated articles. Some 
fluorotelomer based products are also used as high performance surfactants in products where an 
even flow is essential, such as paints, coatings, cleaning products, and fire-fighting foams for use 
on liquid fuel fires. Fluorotelomer-based products can be applied to articles both at the factory 
and by consumers and commercial applicators in after-market uses such as carpet treatments and 
water repellent sprays for apparel and footwear. 

Fluoropolymers, such as polytetrafluoroethylene (PTFE), which may contain some PF AC 
contamination, or that use PFOA as an emulsion stabilizer in aqueous dispersions, have a large 
U.S. market. The wire and cable industry is one ofthe largest segments of the fluoropolymer 
market, accounting for more than 35 percent of total U.S. fluoropolymer use. Apparel makes up 
about 10 percent of total fluoropolymer use, based on total reported production volume. 
Fluoropolymers are used in a wide variety of mechanical and industrial components, such as 

5 
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plastic gears, gaskets and sealants, pipes and tubing, 0-rings, and many other products. Total 
U.S. demand for fluoropolymers in 2004 was between 50,000 and 100,000 metric tons. The 
United States accounted for less than 25 percent of the world consumption ofPTFE in 2007, and 
between 25 and 50 percent of the world consumption of other fluoropolymers. PTFE is the most 
commonly used fluoropolymer, and the United States consumed less than 50,000 metric tons of 
PTFE in 2008. 

Substitutes 

EPA is reviewing substitutes for PFOS, PFOA, and other long-chain PFCs under the New 
Chemicals Program. EPA established the program under section 5 of TSCA to help manage the 
potential risk from chemicals new to the marketplace. 

EPA's review of alternatives to long-chain PFCs has been ongoing since 2000 and is 
consistent with the approaches to alternatives encouraged under the PFOA Stewardship Program. 
Through 2009, EPA has received and reviewed over 100 perfluorinated alternatives of various 
types. EPA reviews the new substances against the range of toxicity, fate, and bioaccumulation 
issues that have caused past concerns with perfluorinated substances, as well as any issues that 
may be raised by new chemistries (EPA, 2009b ). 

V. Hazard Identification Summary 

The information used by EPA for this Action Plan includes the Organisation for 
Economic Co-operation and Development's (OECD) assessments ofPFOS (OECD, 2002) and 
PFOA (OECD, 2006), EPA's Office ofPollution Prevention and Toxics' (OPPT) draft risk 
assessment ofPFOA (EPA, 2009d), Environment Canada's assessment (Canada, 2006), the 
assessment ofPFOS by the Stockholm Convention on Persistent Organic Pollutants (POPs, 
2009), and other sources. The summary of the toxicity information is based on these previous 
assessments, and where appropriate, additional information on short- and long-chain lengths is 
provided. 

World-Wide Distribution ofPFAS and PFAC 

Presence in Humans 

PF AS and PF AC have been detected in human blood samples throughout the world. 
Blood samples have been collected in countries world-wide including the United States, Japan, 
Canada, Peru, Colombia, Brazil, Italy, Poland, Germany, Belgium, Sweden, India, Malaysia, 
Korea, China, and Australia. In addition, PF AS and PF AC have been detected in breast milk, 
liver, umbilical cord blood, and seminal plasma. In most cases, the analytes most often detected 
in human matrices, and usually in the highest concentrations, were PFOS, PFOA, and PFHxS. 
Other PF AS and PF AC detected in human tissue include perfluorooctane sulfonamide (PFOSA), 
2-(N-methyl-perfluorooctane sulfonamido) acetic acid (Me-PFOSA-AcOH), 2-(N
ethylperfluorooctane sulfonamido) acetic acid (Et-PFOSA-AcOH or PFOSAA), 
perfluoroheptanoic acid (PFHpA), perfluorononanoate (PFNA), perfluorodecanoic acid (PFDeA 
or PFDA), perfluoroundecanoic acid (PFUA), perfluorododecanoic acid (PFDoA), 
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perfluoropentanoic acid (PFPeA), perfluorohexanoic acid (PFHxA), and perfluorobutane 
sulfonate (PFBS). 

National Health and Nutrition Examination Survey (NHANES) data show that mean 
levels ofPFOS, PFOA and PFHxS in the general U.S. population older than 12 years declined 
between the sampling period of 1999-2000 and 2003-2004 (Calafat, 2007). In addition, 3M 
reported a decline of the same chemicals from 2000 to 2006 in a group of 600 adult American 
Red Cross (ARC) blood donors (G. W. Olsen, Mari DC, Church TR, Ellefson ME, Reagen WK, 
Boyd TM, Herron RM, Medhdizadehkashi Z, Nobiletti JB, Rios JA, Butenhoff JL, Zobel LR 
2008). The biggest drop reported in both surveys was in PFOS (~30% in NHANES and ~60% in 
the ARC study). Both reported ~25% decline in PFOA. NHANES reported a 10% decrease in 
PFHxS while the ARC study reported a 30% drop. Conversely, PFNA increased by 
approximately 50% over 4 years in NHANES and by 100% over 6 years in the ARC study. 3M 
also reported a 100% increase in PFDeA, while the increase in NHANES was 60%. 3M reported 
an 80% increase in PFUA. 

It appears that most ofPFAS and PFAC do not vary much across adolescents 
participating in NHANES; however, pooled data from 2001-2002 indicate that most of the levels 
of perfluorinated compounds are higher in children ages 3-11 years compared to adults 
(individual samples 2001-2002), especially for PFHxS (Kato, 2009). More recent data on 
children are not available. 

It is clear that there are individuals who have been exposed to perfluorinated compounds 
at levels much higher than the majority of the population. Recent data indicate that individuals 
living near a U.S. facility that uses PFOA may have much higher PFOA serum concentrations 
than those currently reported for the general population (Calafat, 2007; Emmett, 2006). 

Presence in the Environment and Wildli{e 

Water 

Log Kow values for PFOA, PFOS and other commercially available ammonium salts 
range from -0.52 to> 6.8 (De Silva, 2008; Tomlin, 2005) and have water solubilities that range 
from 0.10 to> 500,000 (Hekster, 2003; Kissa, 2001). Long-chain PFAC have been measured in 
surface waters of remote areas such as the north shore of Lake Superior, the Hudson Bay region 
ofN ortheastem Canada, tributaries of the Pearl River in Guangzhou, China and the Yangtze 
River. Ice surface samples in the Canadian Arctic (Northwest Territories and Nunavut) had 
levels of that ranged from 5-246 pg/L for C9-C11 compounds. 

Multiple studies have reported a global distribution ofPF AC and PF AS that have been 
reported in wildlife tissue and blood samples. PF AS have also been found in a variety of aquatic 
organisms. Most recently, four perfluorinated analytes (PFOS and PFAS: C10, Cll, and C12) 
were found in fillets from bluegill in selected rivers in Minnesota and North Carolina (Delinsky, 
2009). In general, the highest concentrations in wildlife have been found in the livers of fish
eating animals close to industrialized areas. 
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Soil and Sediment 

PFOA and PFOS are considered to be resistant to degradation in soil. Levels of C9-C 11 
PF AC have been found in remote Arctic region sediment ranging from 0.68 11g/kg- 2.58 11g/kg. 
PFAC are known to increase over time in sediment as observed in a 22-year study (1980-2002) 
of the Niagara River discharge. Sediment dwelling invertebrates such as amphipods, zebra 
mussels, and crayfish have also been found to have PFOA concentrations ranging from 2.5 - 90 
ng/g ww in the Raisin, St. Clair, and Calumet Rivers (MI)(Kannan, 2005). At the 3M Decatur, 
AL site, PFOA concentrations in Asiatic clams ranged from 0.51 ng/g to 1.01 ng/g. Mussels and 
oysters in Tokyo Bay were found to contain PFOA concentrations 0.660 ng/g ww and worms 
from the Ariake Sea in western Japan had concentrations ofPFOA of82 ng/g ww. 

PFAS and PFAC are Persistent, Bioaccumulative, and Toxic 

Persistence and Bioaccumulation in Humans and Laboratory Animals 

Animal studies ofthe straight-chain PFAS and PFAC have shown that these compounds 
are well absorbed orally, but poorly eliminated; they are not metabolized, and they undergo 
extensive uptake from enterohepatic circulation. Studies ofPFOS and PFOA have shown that 
these compounds are distributed mainly to the serum, kidney, and liver, with liver concentrations 
being several times higher than serum concentrations; the distribution is mainly extracellular. 
Both compounds have a high affinity for binding to B-lipoproteins, albumin, and liver fatty acid
binding protein. Studies have reported PFOS, PFOA, and several other PF AS and PF AC in 
umbilical cord blood indicating these chemicals cross the placenta. 

The elimination half-lives of several PF AS and PF AC are summarized in Table 1. In 
general, the rate of elimination decreases with increasing chain length, although the half-life of 
PFHxS (C6) is longer than the half-life ofPFOS (C8) in humans. There is a tremendous species 
difference in elimination, and elimination is greatly reduced in humans. Thus, the half-life of 
PFOS is 7 days in rats, 150 days in monkeys, and 5.4 years in humans. There is a gender 
difference in the elimination ofPFOA and other PFAC in laboratory animals. Studies ofPFOA 
in rats have shown that the gender difference is developmentally regulated, and the adult pattern 
is achieved by sexual maturation. The reason for the species and gender differences in 
elimination are not well understood. These differences are hormonally controlled, and may also 
be due to the actions of organic anion transporters. A gender difference has not been found in 
humans, although uncertainty exists due to the small sample size. 

Serum 
Half-life 
Rat 

Mouse 

Monkey 150 days 

PFDA 

8 

ED_ 000954(915 )_Processed_PSTs-2_00 _ 00004639-00008 



EPA-HQ-2016-005679 06/14/2017 

U.S. Environmental Protection Agency 

I Human 18.5 years 15.4 years 

*Red- females; blue- males 

12.3-3.8 
years 
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Regardless of chain length, it is critical to note that the half-lives of these compounds are 
measured in hours to days to months in rats, mice and monkeys, but years in humans. This means 
that these compounds will persist and bioaccumulate in humans, and comparatively low 
exposures can result in large body burdens. The gender and species differences in elimination 
also indicate that comparisons of toxicological effects must utilize some measure ofbody burden 
rather than administered dose. 

Persistence and Bioaccumulation in the Environment 

PFOS and longer chain PF AC (> C8) bioaccumulate and persist in protein-rich 
compartments offish, birds, and marine mammals such as carcass, blood, and liver (Conder, 
2008). Studies have found fish bioconcentration factor (BCF) values for C8 to C 14 PF AC 
ranging from 4- 40,000 in rainbow trout (Martin, 2003). Fish BCF values for C8-Cll PFAS are 
relatively lower ( 4-4900). There are two BCF study results for long chain PF AC with BCF 
values from 4,7000 to 4,800 for perfluorohexadecanic acid (C16) in carp and BCF values from 
320 to 430 for perfluorooctadecanoic acid (C18) in carp (Martin, 2003). Available evidence 
shows the likely potential for bioaccumulation or biomagnifications in marine or terrestrial 
species. This is due to conformational changes into a helical structure in the molecule resulting in 
a smaller cross-sectional diameter as chain length increases which can lead to the ability to 
accumulate in organisms (NITE, 2002a, 2002b). Additional evidence that C14 and C15 PFAC 
bioaccumulate and are bioavailable is their presence in fish, invertebrates, and polar bears. The 
bioaccumulation ofPFOS and PFAC (C8 through C14) in air-breathing animals (e.g., birds and 
mammals) is thought to represent biomagnification due to high gastrointestinal uptake and slow 
respiratory elimination (B. Kelly, MG Ikonomou, JD Blair, B Surridge, F Hoover, R Grace, APC 
Gobas 2009; B. C. Kelly, Ikonomou MG, Blair JD, Morin AE, Gobas APC, 2007). In addition, 
Conder et al. state that the bioaccumulation and bioconcentration potential ofPF AC are directly 
related to the length of the perfluorinated chain, and PF AS are more bioaccumulative than PF AC 
of the same chain length (Conder, 2008). 

Within the PF AC and PF AS categories, the perfluorinated carboxylic and sulfonic acids 
(Rf from C5 to C20) are persistent chemicals that are resistant to degradation under 
environmental conditions. Even the reaction of PF AS/PF AC precursors with hydroxyl radicals in 
the atmosphere are considered to be so slow that long range transport is considered a viable 
exposure pathway (Hurley, 2004; G. W. Olsen, DC Mari, WK Reagen, ME Ellefson, DJ 
Ehresman, JL Butenhoff, LR Zobel, 2007). 

Toxicity in Humans 

Until recently, epidemiological and medical surveillance studies have been conducted 
primarily in the United States on workers occupationally exposed to POSF-based 
fluorochemicals. These studies specifically examined PFOS or PFOA exposures and possible 
adverse outcomes. One occupational study of exposures to a PFNA surfactant blend was 
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undertaken. The studies on PFOS and PFOA include mortality and cancer incidence studies, a 
study examining potential endocrine effects, an "episodes-of-care" study evaluating worker 
insurance claims data, and worker surveillance studies examining associations between primarily 
PFOS and/or PFOA serum concentrations and hematology, hormonal and clinical chemistry 
parameters. The PFNA study examined liver enzymes and blood lipid levels. In general, no 
consistent association between serum fluorochemicallevels and adverse health effects has been 
observed. 

Toxicity in Laboratory Animals 

PFOA 

The toxicity ofPFOA has been extensively studied. Repeated-dose studies in rats have 
shown reduced body weight, hepatotoxicity, reduced cholesterol, and a steep dose-response 
curve for mortality. Due to gender differences in elimination, adult male rats exhibit effects at 
lower administered doses than adult female rats. Thus, dietary exposure for 90 days resulted in 
significant increases in liver weight and hepatocellular hypertrophy in female rats at 1000 ppm 
(76.5 mg/kg-day) and in male rats at doses as low as 100 ppm (5 mg/kg-day). Studies in 
nonhuman primates have shown similar effects at doses as low as 3 mg/kg-day, although the 
reduction in cholesterol has not been observed. 

The carcinogenic potential of PFOA has been investigated in two dietary carcinogenicity 
studies in Sprague-Dawley rats, and has been shown to induce hepatocellular adenomas, Leydig 
cell tumors, and pancreatic acinar tumors. It has not been shown to be mutagenic in a variety of 
assays. There is sufficient evidence to indicate that PFOA is a PP ARa-agonist and that the liver 
carcinogenicity (and toxicity) of PFOA is mediated by PP ARa in the liver in rats. There is no 
evidence that the liver toxicity in nonhuman primates is due to PP ARa-agonism. There is 
controversy over the relevance of this particular mode of action for humans. The mode of action 
for the Leydig cell tumors and pancreatic acinar tumors has not been established, and therefore 
these are assumed to be relevant for humans. 

Several studies have shown that PFOA is immunotoxic in mice. PFOA causes thymic 
and splenic atrophy, and has been shown to be immunosuppressive in both in vivo and ex vivo 
systems. Studies using transgenic mice showed that the PP ARa was involved in causing the 
adverse effects to the immune system. 

Standard prenatal developmental toxicity studies in rats and rabbits in which pregnant 
animals are exposed only during gestation and sacrificed prior to the birth of the pups have not 
shown many effects. Thus, there was no evidence of developmental toxicity after exposure to 
doses as high as 150 mg/kg-day in an oral prenatal developmental toxicity study in rats. In a rat 
inhalation prenatal developmental toxicity study, the NOAEL and LOAEL for developmental 
toxicity were 10 and 25 mg/m3, respectively. In a rabbit oral prenatal developmental toxicity 
study there was a significant increase in skeletal variations after exposure to 5 mg/kg-day, and 
the NOAEL was 1.5 mg/kg-day. 

However, the potential developmental toxicity ofPFOA is evident when the pups are 
evaluated during the postnatal period. Thus, a two-generation reproductive toxicity study in rats 
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showed a reduction in F1 pup mean body weight during lactation at 30 mg/kg-day group and 
during the post-weaning period at 10 mg/kg-day. In addition, there was a significant increase in 
mortality mainly during the first few days after weaning, and a significant delay in the timing of 
sexual maturation for F1 male and female pups at 30 mg/kg-day. 

Due to the rapid elimination of PFOA in female rats, many researchers have examined 
the developmental toxicity ofPFOA in mice. These studies have shown a pattern of 
developmental effects similar to those observed with PFOS. Full liter resorptions were noted at 
40 mg/kg-day and the percent of live fetuses and fetal body weight were reduced at 20 mg/kg
day. The most notable effect of prenatal exposure to PFOA was the severe compromise of 
postnatal survival at doses as low as 5 mg/kg-day, and the postnatal growth impairment and 
developmental delays noted among the survivors; the BMD5 and BMDL5 for neonatal survival 
were estimated at 2.84 and 1.09 mg/kg-day, respectively. Additional studies in mice have shown 
that PFOA exposure causes a significant reduction in mammary gland differentiation in the dams 
and stunted mammary gland development in the female pups. 

Several studies have examined the mode of action for the developmental effects. These 
have shown that exposure to a dose of 20 mg/kg-day for 2 days late in gestation is sufficient to 
cause the neonatal mortality in mice. Studies with PP ARa knockout mice have shown that the 
PP ARa is required for the neonatal mortality and expression of one copy of this gene is 
sufficient. This is in contrast to the studies showing that PP ARa is not involved in the neonatal 
mortality associated with PFOS exposure. Although there is controversy over the human 
relevance of the PP ARa-agonist hepatotoxicity observed in rodents, the role of PP ARa in 
development and particularly in the PFOA-induced neonatal mortality observed in mice is 
unknown; therefore this mode of action is assumed to be relevant for humans. 

Other PFAC Chemicals 

Although there is an extensive database for PFOA, few studies have examined the 
toxicity of the shorter or longer chained PF AC. However, the data suggest that the toxicity 
profile is quite similar to that ofPFOA, albeit at different dose levels presumably due to the 
differences in elimination half-life. 

Although standard repeated-dose toxicity studies have not been conducted on the PF AC 
with chain lengths greater than PFOA, many studies have been conducted examining the 
potential for hepatomegaly and peroxisome proliferation (a marker for the activation ofPPARa). 
Kudo et. al. found that PFOA, PFNA, and PFDA induced the activity of peroxisomal B
oxidation in male rats (2000). Kudo et al. showed that all PF AC with six- to nine-carbon length 
chains induced hepatomegaly and peroxisomal B-oxidase activity in mice, and the potency was 
in the order of PFNA > PFOA > perfluoroheptanoic acid (2006). Permadi et al. also showed that 
PFDA induces hepatomegaly and hepatic peroxisomal palmitoyl-CoA oxidase (1993). Thus, 
these studies indicate that the PF AC with a carbon chain length of eight and greater activate 
PPARa. The differences in potency probably reflect the differences in the half-life ofthe varying 
chain lengths. Despite the lack of traditional toxicity studies, it is reasonable to conclude that 
these compounds would likely produce similar effects as those observed with PFOA. 
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With respect to the potential developmental effects of PF AC with carbon chain lengths 
greater than C8, EPA is completing a developmental toxicity study ofPFNA in mice (C. Lau, 
personal communication, 2009). Maternal body weight gain was reduced at 3 mg/kg-day, and 
severe toxicity was observed at 10 mg/kg-day. Neonatal survival was compromised at 5 mg/kg
day, and significant lags in neonatal growth were observed at 3 mg/kg-day. Thus, this study 
shows a pattern of effects very similar to those observed with PFOA. It is likely that PF AC with 
carbon chain lengths greater than nine would also result in similar effects, and that the potency 
would be dependent on the half-life of the compound. 

PFOS 

The toxicity ofPFOS has also been extensively studied and was summarized in OECD 
report (2002) and by Lau et al. (2006). Repeated-dose studies in rats and nonhuman primates 
have shown reduced body weight, hepatotoxicity, reduced cholesterol, and a steep dose-response 
curve for mortality. These effects occur in nonhuman primates at doses as low as 0.75 mg/kg
day, and in rats at 2 mg/kg-day. 

The carcinogenic potential of PFOS has been investigated in a dietary carcinogenicity 
study in Sprague-Dawley rats, and has been shown to induce hepatocellular adenomas at 20 ppm. 
In addition, thyroid follicular cell adenomas were observed in male rats that had been allowed to 
"recover" for a year following treatment for one year; the reason for this is unclear. However, 
thyroid follicular tumors have also been observed in rats exposed to N-EtFOSE, a major 
precursor ofPFOS. PFOS has not been shown to be mutagenic in a variety of assays. Although 
PFOS can activate PP ARa, the data are not sufficient to establish a PPARa-agonist mode of 
action for the liver tumors. 

A standard prenatal developmental toxicity study in rats has shown a significant decrease 
in fetal body weight and significant increase in external and visceral anomalies, delayed 
ossification, and skeletal variations; a NOAEL of 1 mg/kg-day and a LOAEL of 5 mg/kg-day for 
developmental toxicity were indicated. In rabbits, significant reductions in fetal body weight and 
significant increases in delayed ossification were observed; a NOAEL of 1.0 mg/kg-day and a 
LOAEL of 2.5 mg/kg-day for developmental toxicity were indicated. 

A two-generation reproductive toxicity study in rats showed neonatal mortality. All F1 
pups at the highest dose of3.2 mg/kg-day died within a day after birth, while close to 30% of the 
F1 pups at 1.6 mg/kg-day died within 4 days after birth. As a result of the pup mortality in the 
two top dose groups, only the two lowest dose groups, 0.1 and 0.4 mg/kg-day, were continued 
into the second generation. The NOAEL and LOAEL for the F2 pups were 0.1 mg/kg-day and 
0.4 mg/kg-day, respectively, based on reductions in pup body weight. 

The results of this study prompted additional research. Studies in which pregnant rats and 
mice were dosed during gestation and the pups were followed postnatally provided a BMD5 and 
BMDL5 for neonatal survival of 1.07 and 0.58 mg/kg-day in rats, respectively, and 7.02 and 3.88 
mg/kg-day in mice, respectively. Studies have shown that the critical period of exposure is 
during late gestation. Mode of action studies initially focused on the lung and found significant 
histological and morphometric differences in the lungs of pups treated with PFOS. However, 
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subsequent studies did not find any effect on lung phospholipids and rescuing agents failed to 
mitigate the neonatal mortality. Thus, the mortality does not appear to be related to lung 
immaturity. In contrast to PFOA, studies with PPARa knockout mice have shown that the 
PPARa is not involved in the neonatal mortality. Current research is focusing on the possibility 
that the physical properties of PFOS may interfere with the normal function of pulmonary 
surfactant, leading to neonatal mortality. 

Other P F AS Chemicals 

A combined reproductive/developmental toxicity study ofPFHxS has been conducted in 
rats. In the parental males there was a significant reduction in cholesterol at doses as low as 0.3 
mg/kg-day, and hepatotoxicity at doses as low as 3 mg/kg-day. There was no evidence of 
developmental or reproductive toxicity at doses as high as 10 mg/kg-day. 

Toxicity to Wildli{e 

Adverse effects on exposed populations of organisms have been observed with exposure 
to perfluorinated compounds in the parts per million range. Studies have shown a reduction in 
hatchability of chickens when they were exposed in avo to PFOS, and a reduction in survival in 
14-day old Northern bobwhite quail from hens exposed to 10 ppm ofPFOS in the diet. In 
addition, a delay in growth and metamorphosis in the Northern leopard frog exposed to 3 mg/L 
ofPFOS has been reported, as well as reduced cumulative fecundity and fertility effects in 
fathead minnows exposed to 0.1 mg/L PFOS. Further evidence of potential reproductive effects 
has been observed with exposure to C9-C 11 PF AC. A significant induction of vitellogenin in 
rainbow trout was observed in a dose-dependent manner at concentrations ofC10 PFAC 0.0256-
2000 11glg in the diet as well as a weak affinity demonstrated for the hepatic estrogen receptor 
from C9-C12 PFAC. 

Mortality in sediment dwelling organisms such as the nematode, Caenorhabditis elegans 
has been observed with concentrations ofC9 up to 0.66 mM and subsequent effects in offspring 
generations were found at concentrations up to 1nM as evidence by a 70% decline in fecundity. 

VI. Fate Characterization Summary 

The PF AS and PF AC acids are strong acids that exist in equilibrium between the neutral 
form and the anionic form. Both the anionic and neutral forms of PFOA are soluble in water. 
While the Henry's law constant values suggests partitioning to air for the neutral, protonated 
form, predicting the amount that partitions into air is complicated because there is uncertainty 
over the degree to which carboxylic and sulfonic acids partition from the water to atmosphere. 
The uncertainty arises with regard to the value of the acid dissociation constant (i.e., pKa), or the 
fraction of the acid form present at environmentally relevant pH. PF AC and PF AS have been 
detected in air, water, and soil samples collected throughout the world. The oceans have been 
suggested as the final sink and route of transport for perfluorinated carboxylic and sulfonic acids, 
where they have been detected on the surface and at depths > 1,000 meters (Yamashita, 2005). 

Some PF AS/PF AC have the potential for long-range transport. They are transported over 
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long distances (i.e., long-range transport) by a combination of dissolved-phase ocean and gas
phase atmospheric transport; however, determining which is the predominant transport pathway 
is complicated by the uncertainty over water to atmosphere partitioning. Furthermore, there is 
evidence that transport and subsequent oxidation of volatile alcohol PF AS/PF AC precursors may 
contribute to the levels ofPF AS I PF AC in the environment. 

Studies by industry and academic researchers have shown that fluorotelomer alcohols 
(FTOH) can be degraded by microorganisms and by abiotic processes. 8-2 FTOH and FTOH of 
other chain lengths, and related chemicals in mixed microbial cultures, activated sludge and soil 
systems have been shown to be easily degraded to form PFOA and related perfluorinated acids. 
Some studies have also shown that -CF2- groups can be mineralized, forming shorter chain 
perfluoro acids. If FTOH are absorbed from ingestion, inhalation, dermal or ocular exposure or 
formed in vivo by from other compounds they can be metabolized by mammals and other 
organisms to form perfluorinated acids and other fluorinated compounds. FTOH can be degraded 
by abiotic processes in water and air to produce PF AC and various intermediates. FTOH are 
fairly volatile. Based on atmospheric half-lives determined in chamber studies, FTOH can be 
transported globally. Deposition or degradation in areas far from the source can result in PF AC 
contamination in high latitudes and other remote locations and contribute to global background 
levels ofPFAC and PFAS. 

Data submitted by industry and in the open literature show that perfluorooctane sulfonyl 
fluoride (POSF) and its derivatives can be degraded under environmental conditions to form 
perfluoroalkyl sulfonates and carboxylic acids. Reaction ofPOSF (CF3(CF2)n-S02F) with methyl 
or ethyl amines is used to produce N-ethyl or N-methyl perfluorooctane sulfonamidoethanols 
(FOSE). Similar reactions are used to make shorter and longer chain analogs to POSF and POSF 
derivatives. FOSE compounds, (or CF3(CF2)n-S02N(Rl)(R2), where Rl and R2 can be 
hydrogen, methyl or longer alcohols or other organic chains), such as N-methyl and N-ethyl 
FOSEs can be degraded though a series of intermediates to form both perfluoro carboxylic acids 
and perfluoroalkyl sulfonates. Data on the degradation of individual intermediates has been used 
to identify these pathways and has confirmed that these compounds can be degraded by a 
number of microbial and abiotic mechanisms. Reaction with other chemical intermediates 
produces other FOSA derivatives, including phosphate esters, fatty acids esters, silanes, 
carboxylates, and polymers with acrylate, urethane and other linkages. Longer and shorter chain 
perfluoro sulfonyl derivatives have also been produced intentionally and as unintended reaction 
products. Based on existing data from the open literature and CBI data, it is expected that that 
most, if not all, of these POSF and other chain length sulfonyl fluorides and their derivatives will 
be degraded to carboxylic acids and/or sulfonate over time. Most of these compounds will have 
environmental and metabolism half-lives of weeks to months. Some will be degraded faster and 
some will degrade more slowly, but all will eventually be degraded. 

Very little data is available on the behavior of other perfluorochemicals in the 
environment and in vivo but the existing data suggest that they will also be degraded to form 
PF AC. For example, recent studies have shown that ingested mono and di polyfluoroalkyl 
phosphates (PAPs) can be degraded in rats to form PFOA and other PFAC in the body. They can 
also be degraded by microbial processes in soil and wastewater to form perfluorinated acids 
(D'eon, 2007). 
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A limited number of studies on the degradation of fluorotelomer-based polymers have 
been submitted in support of PMN submissions and existing chemicals, and published in the 
open literature. Based on studies, some fluorotelomer-based polymers are subject to hydrolysis, 
photolysis and biodegradation to some extent. Studies have shown half-lives of a few days to 
hundreds of years. 

In addition, preliminary research on degradation of fluorotelomers has shown that some 
urethanes and acrylates biodegrade; however, half-lives and kinetics of the fluorotelomers are 
not yet well-defined. Ongoing research by EPA's Office ofResearch and Development (ORD) 
research is designed to generate high quality data that will help the Agency address some key 
uncertainties in pathways of exposure and potential risks from PFOA (Washington, 2009). 

These studies have shown that the perfluorinated portion of some polymers is released as 
the polymer is degraded by microbial or abiotic processes to form telomer alcohols or other 
intermediates and that they eventually form PF AC. Polymers based on POSF and other chain 
length chemistries show similar degradation rates and release intermediates that further degrade 
to form perfluorinated acids and sulfonates. Studies have shown that some polymers can undergo 
indirect photolysis in soil and in aquatic systems and be degraded with half-lives of days to 
several years. 

VII. Exposure Characterization Summary 

The pattern of PF AS and PF AC contamination varies with location and among species, 
which suggests multiple sources of emission and patterns of migration into environmental media 
from the sources of emission. Major pathways that enable PFOA and PFOS to get into human 
blood in small quantities are not yet fully understood. Manufacturing releases are known to have 
contaminated local drinking water supplies in the immediate vicinity of some industrial plants, 
leading to localized elevated blood levels. The widespread presence of PFOA and PFOS 
precursors in human blood samples nationwide suggests other pathways of exposure, possibly 
including long range air transport, and the release ofPFOA and PFOS from treated articles. 

Summary of Exposure to Consumers and Children from PFCs in Indoor Environments 

PFCs in Articles of Commerce 

EPA's ORD has conducted research on 116 articles of commerce documenting that PFCs 
contained in articles of commerce have the potential to be released from those articles. Articles 
tested and found to contain the highest levels of PF AC were carpet and carpet treatment 
products, various types of apparel, home textiles, thread sealant tape, floor wax and other 
sealants, and food contact paper and paper coatings. Carpet and carpet treatment products 
contained individual PFAC in levels from 0.04-14100 ng/g; food contact paper and paper 
coatings: 0.05-160,000 ng/g; thread sealant tape and apparel: ND (non-detect)-3488 ng/g and 
ND-4640ng/g respectively; floor wax and sealer: 0.03-3720 ng/g; and home textiles: ND-519 
ng/g. Some of the more commonly found PF AC measured in these articles were PFHxA, 
PFHpA, PFNA, PFDA, PFUnDA, PFOA and PFOS. Inhalation levels ofPFOA and total PFCs 
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measured in carpet were 5385 pg/cm3 and 32500 pg/cm3 respectively (Guo, 2009). 

Children are particularly susceptible to exposure from inhalation of PFC off-gassing from 
carpet and carpet protectants during their earliest years when they are lying, crawling and 
spending large amounts of time playing on the carpet. The significantly high levels of PFC found 
by ORD in carpet and carpet protectants pose an exposure concern for children through this 
pathway. Adults can also be exposed to PFCs in carpets through inhalation and dermal contact. 
Consumers and children may also be exposed to PFCs in apparel, home textiles, thread sealant 
tape, floor wax, contact paper and paper coatings. Some of these articles such as paper coatings 
for foods cannot be ruled out for the ingestion exposure pathways for children and adults 
depending upon how the PFCs in the paper contacts the food and subsequently humans. 

PFCs in Indoor Air 

Another source of PFCs to the indoor environment is dust containing not only PF AC and 
PF AS but also fluorotelomer alcohols. Maximum indoor dust air measurements of 6:2 FTOH 
were found at 804 ng/g in the house dust of eastern United States (Strynar, 2008). The PF AS 
(ET-FOSA, Et-FOSE, MeFOSE) chemicals were measured at 646 ng/g, 75440 ng/g, and 8860 
ng/g respectively in indoor air in Canada (Shoeib, 2005). PFOA was found at 3700 ng/g in 
Japanese household vacuum cleaner dust (Moriwaki, 2003). 

Summary of Exposure to the General Population 

PFCs in Groundwater, Freshwater, Saltwater, and Rainwater 

PF AC and PF AS have been found in many countries as well as in Unites States in 
untreated groundwater, rivers, streams, bays, estuaries, oceans and rain water. Levels ofPF AC in 
groundwater near the 3M Cottage Grove, MN industrial site have been measured as high as 
846,000 ng/1 (PFOA) and in freshwater as high as 178,000 ng/1 (PFBA) (Department ofHealth 
and Human Services, 2005). PFOS has been found near Cottage Grove, MN in groundwater at 
levels of 3 71,000 ng/1 and in freshwater at 18,200 ng/1. PF AC in rainwater has been measured in 
the United States between 0.1 and 1006 ng/1 (PFHpA) (Scott BF, 2006). 

Saltwater levels ofPFOS have been measured in the Pacific Ocean at 57,700 ng/1 and in 
precipitation from snow and rain in China at 545 ng/1 (Liu W, 2009; Yamashita, 2005). While 
the general population may not directly ingest these groundwater, freshwater and saltwater levels 
as drinking water, the ground water and freshwater containing PFCs may discharge to surface 
waters from which municipalities withdraw drinking water. The general population may also 
experience dermal, ingestion and inhalation exposures when coming into contact with freshwater 
containing PFCs. Rainwater containing PFCs may contribute PFCs to vegetables and fruits in 
home gardens, crops grown on commercial crop lands, drinking water reservoirs, and surface 
waters from which drinking water is withdrawn. 

PFCs in Freshwater and Saltwater Fish 

Freshwater fish have been found to contain levels of PF AS and PF AC. The highest levels 
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ofPFAS measured in the United States to date were near the 3M Cottage Grove, MN site (Oliaei 
F, 2006). Liver samples of bass, walleye and carp ranged from 130-6350 ng/g PFOS wet weight. 
Blood samples of these same fish ranged from PFOS levels of 136-29600 ng/ml in serum. Total 
PFCs for the blood of freshwater fish in the same area was measured at 32248 ng/ml serum. The 
highest levels of PF AC for freshwater fish were found near the 3M Cottage Grove, MN site and 
were measured for blood samples ofbass, walleye, and carp in the range of2.53-210 ng/ml 
serum. For comparison, saltwater fish in Danish seas had measured levels ofPFOS up to 156 
ng/g and saltwater fish in Charleston Harbor South Carolina were found with PFOS levels up to 
101 ng/g (Bossi R, 2005; Houde M, 2006). 

VIII. Risk Management Considerations 

Current Risk Management Summary 

PF AS Chemicals 

Following the voluntary 3M phase-out ofPFAS chemicals in the United States in 2002, 
EPA issued SNURs to control the reintroduction of these chemicals into the U.S. market. Final 
rules were published on March 11, 2002 (EPA, 2002b) and December 9, 2002 (EPA, 2002a), to 
limit any future manufacture or importation of 88 PF AS chemicals specifically included in that 
phase-out. On October 9, 2007, EPA published another SNUR on 183 additional PFAS 
chemicals (EPA, 2007). Those actions were necessary because data showed that certain alkyl 
chain lengths of the PF AS chemicals are toxic to human health, bioaccumulate, and are persistent 
in the environment. PF AS chemicals are no longer manufactured in United States. However a 
limited set of existing uses was excluded from the SNURs because alternatives were not yet 
available. 

Similar to the PF AS SNURs in United States, PFOS has also been restricted in the 
European Union, Canada, Australia and other countries, and has been nominated for inclusion in 
the Stockholm Convention and the Convention on Long-Range Transboundary Air Pollution 
(LRTAP) Persistent Organic Pollutants (POPs) protocol. At the fourth Conference ofthe Parties 
(COP) to the Stockholm Convention on POPs, held in May 2009, delegates agreed to add PFOS, 
its salts, and perfluorooctane sulfonyl fluoride (PFOSF) to Annex B, subjecting it to restrictions 
on production and use. Parties agreed that while the ultimate goal is the elimination of PFOS, 
production of the chemical may continue for limited purposes, including coatings for 
semiconductors, firefighting foam, photo imaging, aviation hydraulic fluids, metal plating, and 
certain medical devices. Countries must notify the Convention Secretariat whether they intend to 
continue production for acceptable purposes. Countries can also ask for specific exemptions 
allowing the production of PFOS for use in the production of chemical substances used in goods 
such as carpets, leather and apparel, textiles, paper and packaging, coatings, and rubber and 
plastics (POPs, 2009). 

PF AC Chemicals 

OPPT' s core strategy for working towards the elimination of PF AC chemicals has been 
through the PFOA Stewardship Program. Under the program, eight major companies operating 
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in the United States committed to reduce global facility emissions and product content ofPFAC 
chemicals by 95 percent by 2010, and to work toward eliminating emissions and product content 
by 2015 (EPA, 2009a). Companies provide annual progress reports, and most companies have 
reported significant progress in meeting program goals. 

On March 7, 2006, EPA published a proposal to amend the polymer exemption rule to 
exclude polymers containing certain perfluoroalkyl moieties from eligibility for the exemption 
(EPA, 2006). Under this proposal, polymers containing these perfluoroalkyl moieties would need 
to go through the pre-manufacture notification (PMN) review process so that EPA can better 
evaluate these polymers for potential effects on human health and the environment. This change 
to the current regulation is necessary because, based on current information, EPA can no longer 
conclude that these polymers "will not present an unreasonable risk of injury to health or the 
environment" under the terms of the polymer exemption rule, which is the determination 
necessary to support an exemption under section 5(h)(4) ofTSCA. This amendment to the 
polymer exemption rule is a necessary complement to the PFOA Stewardship Program and will 
give EPA the necessary tools to review and control risk of PFC-based and related polymers, 
including those PF AS and PF AC containing polymers. 

In January 2009, EPA's Office ofWater (OW) developed Provisional Health Advisory 
(PHA) values for PFOA and PFOS to mitigate potential risk from exposure to these chemicals 
through drinking water (EPA, 2009c). Due to limited information on the toxicity ofPFCs other 
than PFOA and PFOS, no attempt was made by OW at that time to develop PHA values for the 
other PFCs. OPPT and OW are working together to determine whether revised health advisory 
values are needed for PFOA and PFOS. 

In October 2009, EPA's Office of Solid Waste and Emergency Response (OSWER) used 
OW's PHA's to derive sub-chronic RfD values for PFOA and PFOS. These values may be used 
in the Superfund program's risk-based equations to derive Removal Action Levels and/or 
Screening Levels for water and other media, as appropriate. 

EPA has taken the leadership role in raising the profile of PFCs at an international level 
stemming from Agency concerns about the role of long range transport in the environmental 
distribution ofPFCs, and U.S. importation of products containing these chemicals (UNEP, 
2009b ). As a result of these activities, in May 2009, during the International Conference on 
Chemicals Management (ICCM2), delegates to the Strategic Approach to International 
Chemicals Management (SAICM) agreed to consider the development of stewardship programs 
and regulatory approaches to reduce emissions and content of PF AC and PF AS chemicals in 
products and to work towards their elimination, where feasible (UNEP, 2009a). 

Remaining Issues and Concerns 

PF AS Chemicals 

PF AS chemicals are no longer manufactured in the United States but continue to be 
manufactured outside ofthe United States. Although the PFAS SNURs are an important step 
toward controlling any future manufacture or import of PF AS chemicals, these chemicals may 
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continue to be imported into United States in articles, such as carpets, leather and apparel, 
textiles, paper and packaging, coatings, and rubber and plastics. 

Possible scenarios of concern: 
o Direct releases to the environment from U.S. facilities as a result of few existing uses. 
o Direct releases to the environment from non-U.S. facilities, resulting in transboundary 

environmental transport to United States. 
o Articles containing PFAS chemicals. Recent research by EPA's ORD has shown that 

consumer articles could release PFCs, significantly increasing the magnitude and duration of 
exposure to humans and the environment to these chemicals. 

PFAC Chemicals 

Although the 2010/15 PFOA Stewardship Program is expected to eliminate the 
production of C8-based fluorotelomers by the eight participating companies by 2015, the 
potential remains for continued environmental and human loading ofPFAC in the United States. 
This is in part because companies not participating in the PFOA Stewardship Program may 
follow the market opportunity presented when the eight PFOA Stewardship Program companies 
leave the PFAC market by 2015. This occurred with PFAS production in some Asian countries 
after the 3M 2002 phase-out ofPFAS chemicals in United States (Wenya, 2008). 

Possible scenarios of concern: 
o Direct releases to the environment from U.S. facilities not participating in PFOA 

Stewardship Program. 
o Direct releases to the environment from non-U.S. facilities not participating in PFOA 

Stewardship Program, resulting in transboundary environmental transport to United States. 
o Articles, including imports, containing PF AC chemicals. These articles could release PF AC 

as a result of their residual content in fluorotelomer-based products and/or as the 
fluorotelomers-based polymers in articles biodegrade. 

IX. Next Steps 

To date, significant adverse effects have not been found in general human population; 
however, significant adverse effects have been identified in laboratory animals and wildlife. 
Given the long half-life of these chemicals in humans (years), it can reasonably be anticipated 
that continued exposure could increase body burdens to levels that would result in adverse 
outcomes. Consequently, EPA intends to propose actions in 2012 under TSCA to address the 
potential risks from long-chain PFCs. 

EPA intends to consider initiating TSCA section 6 rulemaking for managing long-chain 
PFCs. If EPA can make certain findings with respect to these chemicals (further analysis of the 
information will be performed as part of TSCA section 6 rulemaking), TSCA section 6 provides 
authority for EPA to ban or restrict the manufacture (including import), processing, and use of 
these chemicals. A rule addressing the PF AS sub-category could expand beyond the reach of the 
SNURs that the Agency has promulgated over the past decade. For example, the rule could 
address PF AS-containing articles. A rule addressing the PF AC sub-category could expand the 
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reach of the 2010/15 PFOA Stewardship Program beyond the eight participating companies and 
further address the concerns for potential PFAC exposure through the use ofPFAC-containing 
articles. EPA will develop more detailed assessments to support the TSCA section 6(a) "presents 
or will present an unreasonable risk" findings. If these more detailed assessments indicate that a 
different approach to risk management is appropriate, EPA will consider additional approaches. 

EPA will continue with the 2010/15 PFOA Stewardship Program to work with companies 
toward the elimination oflong-chain PFCs from emissions and products. EPA will also continue 
to evaluate alternatives under EPA's New Chemicals Program and collaborate with other 
countries on managing PFCs. 

As part of the Agency's efforts to address these chemicals, EPA also intends to evaluate 
the potential for disproportionate impact on children and other sub-populations. 
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To: 
From: 
Sent: 
Subject: 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Hackett, Edward 
Wed 1/27/2016 3:47:09 PM 
RE: Most recent PFOA 

From: Donohue, Joyce 
Sent: Wednesday, January 27, 2016 10:34 AM 
To: Hackett, Edward <hackett.edward@epa.gov> 
Subject: RE: Most recent PFOA 

From: Hackett, Edward 
Sent: Wednesday, January 27, 2016 10:28 AM 
To: Donohue, Joyce 
Subject: RE: Most recent PFOA 

From: Donohue, Joyce 
Sent: Wednesday, January 27,2016 10:24 AM 
To: Hackett, Edward 
Subject: RE: Most recent PFOA 
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From: Hackett, Edward 
Sent: Wednesday, January 27,2016 10:18 AM 
To: Donohue, Joyce 
Subject: RE: Most recent PFOA 

From: Donohue, Joyce 
Sent: Wednesday, January 27,2016 9:37AM 
To: Hackett, Edward 
Subject: Most recent PFOA 

From: Hackett, Edward 
Sent: Wednesday, January 27,2016 9:28AM 
To: Donohue, Joyce 
Subject: RE: More State Data. 

r·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·1 

i~ Personal Phone I Ex. 6 ~ 
!.-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·--~ 

From: Donohue, Joyce 
Sent: Wednesday, January 27,2016 9:23AM 
To: Hackett, Edward 
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Subject: More State Data. 

Call me to talk again and send me your number 
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To: 
From: 
Sent: 
Subject: 

Joyce, 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Wood, Carol S. 
Tue 1/26/2016 10:43:26 PM 
RE: PFOA- a couple little things. 

Here is what I have as of this evening. I will be in tomorrow morning until about 10:30 if you need 
anything else. Sorry to have to be out later this week. 

Have a nice evening, 
Carol 

Carol S. Wood, Ph.D., D.A.B.T. 
Oak Ridge National Laboratory 
P.O. Box 2008 
Bldg. 1507; MS-6407 
1 Bethel Valley Road 
Oak Ridge, TN 37831-6407 
ph: 865-574-0596; fax: 865-574-5353 
woodcs@orn l.gov 

-----Original Message-----
From: Donohue, Joyce [mailto:Donohue.Joyce@epa.gov] 
Sent: Tuesday, January 26, 2016 3:42PM 
To: Wood, Carol S. 
Subject: RE: PFOA- a couple little things. 

ok 

-----Original Message-----
From: Wood, Carol S. [mailto:woodcs@ornl.gov] 
Sent: Tuesday, January 26, 2016 3:42PM 
To: Donohue, Joyce <Donohue.Joyce@epa.gov> 
Subject: RE: PFOA- a couple little things. 

Let me see what I can get done in the next hour or so; otherwise I will finish it tonight. 

Carol S. Wood, Ph.D., D.A.B.T. 
Oak Ridge National Laboratory 
P.O. Box 2008 
Bldg. 1507; MS-6407 
1 Bethel Valley Road 
Oak Ridge, TN 37831-6407 
ph: 865-574-0596; fax: 865-574-5353 
woodcs@orn l.gov 

-----Original Message-----
From: Donohue, Joyce [mailto:Donohue.Joyce@epa.gov] 
Sent: Tuesday, January 26, 2016 3:34PM 
To: Wood, Carol S. 
Subject: RE: PFOA- a couple little things. 

ED _000954(915)_Processed_PSTs-2_DD _00004665-0000 1 



EPA-HQ-2016-005679 06/14/2017 

The last document has today's date and my initials. Time 3:18, pm. 

Jamie just asked if you thought you could get it done today. I told her I did not want to bother you, but 
sine you e-mailed me, what do you think? 

-----Original Message-----
From: Wood, Carol S. [mailto:woodcs@ornl.gov] 
Sent: Tuesday, January 26, 2016 3:31 PM 
To: Donohue, Joyce <Donohue.Joyce@epa.gov> 
Subject: RE: PFOA- a couple little things. 

OK, just to double confirm that I have the master HA PFOA from another email a few minutes ago. 

I will work on endpoint selection piece, add the statement below, add the cancer appendix D-R, and 
transfer my previous edits from this morning. 

Talk to you tomorrow. Hope you can make it out of the house by then. 

Carol 

Carol S. Wood, Ph.D., D.A.B.T. 
Oak Ridge National Laboratory 
P.O. Box 2008 
Bldg. 1507; MS-6407 
1 Bethel Valley Road 
Oak Ridge, TN 37831-6407 
ph: 865-574-0596; fax: 865-574-5353 
woodcs@orn l.gov 

-----Original Message-----
From: Donohue, Joyce [mailto:Donohue.Joyce@epa.gov] 
Sent: Tuesday, January 26, 2016 3:10PM 
To: Wood, Carol S. 
Subject: RE: PFOA- a couple little things. 

Dear Carol: 

The following is the PFOA statement from the same paper. Can you put it in the PFOA version you have. 
Johansson et al., 2014 

In eggs there was a statistically significant decreasing trend in concentrations of perfluorooctanoic acid 
(PFOA). 

-----Original Message-----
From: Wood, Carol S. [mailto:woodcs@ornl.gov] 
Sent: Tuesday, January 26, 2016 2:38PM 
To: Donohue, Joyce <Donohue.Joyce@epa.gov> 
Cc: Rogers, Emily D. <rogersed@ornl.gov> 
Subject: FW: PFOA- a couple little things. 

Joyce, 

See Emily's response below to your question; I can add to the next version of the HA if needed. Also the 
references you requested are attached. 
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Carol 

Carol S. Wood, Ph.D., D.A.B.T. 
Oak Ridge National Laboratory 
P.O. Box 2008 
Bldg. 1507; MS-6407 
1 Bethel Valley Road 
Oak Ridge, TN 37831-6407 
ph: 865-574-0596; fax: 865-574-5353 
woodcs@orn l.gov 

-----Original Message----
From: Rogers, Emily D. 
Sent: Tuesday, January 26, 2016 2:17PM 
To: Wood, Carol S. 
Subject: RE: PFOA- a couple little things. 

The reference is Johansson et al., 2014. It was in one of the earlier drafts. See attached reference. Let 
me know if there's anything else I can do. 

Emily D. Rogers, Ph.D. 
Postdoctoral Research Associate 
Toxicology and Hazard Assessment Team 
Oak Ridge National Laboratory 
P.O. Box 2008, 1 Bethel Valley Rd. 
Bldg. 1507, MS-6407 
Oak Ridge, TN 37831-6407 

Phone: 865-574-9430 
Fax: 865-574-5353 

-----Original Message----
From: Wood, CarolS. 
Sent: Tuesday, January 26, 2016 12:47 PM 
To: Rogers, Emily D. 
Subject: FW: PFOA- a couple little things. 

Can you help here? I saw the references on the n drive that Joyce is asking for so can send those to her. 
Do you recognize the sentence below about fish, egg, milk samples? 

Thanks. 

Carol S. Wood, Ph.D., D.A.B.T. 
Oak Ridge National Laboratory 
P.O. Box 2008 
Bldg. 1507; MS-6407 
1 Bethel Valley Road 
Oak Ridge, TN 37831-6407 
ph: 865-574-0596; fax: 865-574-5353 
woodcs@orn l.gov 

-----Original Message-----
From: Donohue, Joyce [mailto:Donohue.Joyce@epa.gov] 
Sent: Tuesday, January 26, 2016 12:43 PM 
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To: Wood, Carol S. 
Subject: RE: PFOA- a couple little things. 

References That I think came from What Emily did 

Schlummer et al., 2015, Filipovic et al., 2015. Can you send? 

Can you find out where the following statement came from and whether there is anything like it applicable 
to PFOA. 

Fish, eggs, and milk sampled before and after the 3M phase out of PFOS production and showed that 
PFOS concentrations in fish and eggs decreased significantly over time (Reference?). 

-----Original Message-----
From: Wood, Carol S. [mailto:woodcs@ornl.gov] 
Sent: Tuesday, January 26, 2016 12:35 PM 
To: Donohue, Joyce <Donohue.Joyce@epa.gov> 
Subject: RE: PFOA 

Joyce, 

Attached are my edits to the PFOA HA and the list of references cited in the HA. I am sure that I missed 
a few references and can QA after the document is cleaned up and more complete. Let me know what 
else I can do on this or PFOS. 

Carol 

Carol S. Wood, Ph.D., D.A.B.T. 
Oak Ridge National Laboratory 
P.O. Box 2008 
Bldg. 1507; MS-6407 
1 Bethel Valley Road 
Oak Ridge, TN 37831-6407 
ph: 865-574-0596; fax: 865-574-5353 
woodcs@orn l.gov 

-----Original Message-----
From: Donohue, Joyce [mailto:Donohue.Joyce@epa.gov] 
Sent: Tuesday, January 26, 2016 8:31 AM 
To: Wood, Carol S. 
Subject: PFOA 

Dear Carol: 

As you are going through what I sent you yesterday for PFOA, can you make a list of referenced that are 
cited by just the author name and date and I can ask Edward to copy form the HED and paste them in to 
the HA. 

I home again legitimately given that it would not have been easy to get to work. 

Joyce 
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To: 
From: 
Sent: 
Subject: 

Joyce, 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Wood, Carol S. 
Tue 1/26/2016 5:35:09 PM 
RE: PFOA 

Attached are my edits to the PFOA HA and the list of references cited in the HA. I am sure that I missed 
a few references and can QA after the document is cleaned up and more complete. Let me know what 
else I can do on this or PFOS. 

Carol 

Carol S. Wood, Ph.D., D.A.B.T. 
Oak Ridge National Laboratory 
P.O. Box 2008 
Bldg. 1507; MS-6407 
1 Bethel Valley Road 
Oak Ridge, TN 37831-6407 
ph: 865-574-0596; fax: 865-574-5353 
woodcs@orn l.gov 

-----Original Message-----
From: Donohue, Joyce [mailto:Donohue.Joyce@epa.gov] 
Sent: Tuesday, January 26, 2016 8:31 AM 
To: Wood, Carol S. 
Subject: PFOA 

Dear Carol: 

As you are going through what I sent you yesterday for PFOA, can you make a list of referenced that are 
cited by just the author name and date and I can ask Edward to copy form the HED and paste them in to 
the HA. 

I home again legitimately given that it would not have been easy to get to work. 

Joyce 
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PFOA HA references cited- certain I missed some; have not checked to see what is already in 

the HA reference list: 

Abbott et al 2007 

Ahrens et al 20 12 

Albrecht et al 2013 

Anderson et al 2006 

Andersen et al2010, 2013 

Anzai et al 2006 

Apelberg et al 2007 

Appleman et al2013a, 2013b 

Armstrong et al 20 16 

Austin et al 2003 

Barry et al 2013 

Bartell et al 2010 

Beesoon and Martin 2015 

Begley et al 2005 

Benotti et al 2009 

Beser et al 2011 

Bhavsar et al 2014 

Biegel et al 2001 

Blaine et al 2014 

Butenhoff et al2002, 2004a, 2004b, 2012 

C8 Science Panel 2016 

Carter and Farrel12010 

CDC 2009 

ED _000954(915)_Processed_PSTs-2_DD _00004683-0000 1 
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CDC 2015 

Chang et al 20 14 

Cheng and Klaassen 2009 

Cheng et al 2002, 2006 

Chularueangaksom et al 2013 

Clegg et al 2002 

Considine et al 1996 

Cook et al 2002 

Costa et al 2009 

Cui et al 2009 

Darrow et al2013, 2014 

Denys et al 2014 

DeWitt et al2008, 2014 

D'Hollander et al2010 

Dong et al2013 

Dudley et al 2015 

Dupont 2003b 

EFSA 2008 

Emmett et al 2006 

Eriksen et al 2013 

EWG 2015 

Fasano et al 2005 

Fei and Olsen 2011 

Feietal2007,2008a,2008b,2009,2010a,2010b 

Fenton et al2009 

ED_ 000954(915 )_Processed_PSTs-2_00 _ 00004683-00002 



Filipovic et al2015 

Fisher et al2013 

Fitz-Simon et al 2013 

Fraser et al2013 

Frisbee et al2010 

Frome et al2007, 2009 

Fujii et al 2007 

Gallo et al2012 

Genuis et al 20 1 0 

Goosey et al 20 12 

Goeden and Kelly 2006 

Goulanger et al 2004 

Grandj ean et al 20 12 

Granum et al 20 13 

Hallet al2012 

Hamm et al 2009 

Hansen et al 2002, 2010 

Hartten 2009 

Haug et al2010 

Hekster et al 2003 

Hinderliter et al 2005 

Hines et al 2009 

Hlouskova et al 2013 

Hoffman et al 20 1 0 

Hori et al 2004 

EPA-HQ-2016-005679 06/14/2017 

ED_ 000954(915 )_Processed_PSTs-2_00 _ 00004683-00003 



EPA-HQ-2016-005679 06/14/2017 

H0yer et al2015a, 2015b 

HSDB 2012 

Humblet et al 2014 

Hundley et al 2006 

J oensen et al 2009, 20 13 

Johansson et al 2009, 20 13, 20 14 

Kannan et al 2004 

Kemper 2003 

Kennedy 1987 

Kerstner-Wood 2003 

Klaassen and Aleksunes 2010 

Klaunig et al2003, 2012 

Konwick et al 2008 

Koustas et al 20 14 

Krippner et al 2014 

Kristensen et al 2013 

Kudo et al 2002 

Lange et al 2006 

Lau et al2006, 2009 

Lein et al 2006 

Li et al 2011 

Liao et al 2009a, 2009b 

Lin et al 2009 

Liu et al 2012, 2015 

Loos et al 2007 

ED_ 000954(915 )_Processed_PSTs-2_00 _ 00004683-00004 



Lopez-Espinosa et al 20 11 

Loveless et al 2008 

Lu et al2015 

Luebker et al 2002 

MacNeil et al 2009 

Macon et al 20 11 

Martin et al 2004 

McLaughlin et al 2011 

McManus-Spencer et al 2010 

MDH2008 

Melzer et al 20 1 0 

Minata et al 20 1 0 

Mondel et al 20 14 

Monroy et al 2008 

Moody et al 2002 

Morken et al 20 14 

Murli 1996b, 1996c, 1996c 

Mylchrest 2003 

Nakagawa et al 2007, 2009 

Nakamura et al 2009 

Nakayama et al2010 

Nelson et al2010 

Newbold et al2007 

NJDEP 2007 

Nolan et al2009, 2010 

EPA-HQ-2016-005679 06/14/2017 
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N oorlander et al 20 11 

NRC 2005 

Oboum et al1997 

Okada et al2012 

Olsen and Zobel 2007 

Olsen et al 2000, 2001a, 2003, 2005, 2007 

Onishchenko et al 2011 

Oscar and Snyder 2009 

Palazzolo et al 1993 

Perkins et al 2004 

Plummer et al 2007 

Post et al 2009 

Qin et al2010 

Qu et al2009 

Quinones and Snyder 2009 

Quist et al 20 15 

Ren et al 2015 

Renner 2009 

Renzi et al 20 13 

Rosen et al 2007, 2009a, 2009b 

RTECS 2008 

Saez et al 2008 

Saito et al 2003 

Salvalaglio et al 2010 

Schlummer et al 2015 
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Schorder and Meesters 2005 

Senevirathna et al 2010 

Seow 2013 

Shankar et al 2011 

Shivakoti et al 2010 

Shoeib et al 2006 

Shrestha et al 2015 

SIAR 2006 

Sigma-Aldrich 2015 

Sinclair et al 2006 

Skutlarek et al 2006 

Son et al 2008 

SPI 2005 

Stahl et al2014 

Steenland et al 2009, 2015 

Stein et al 2009, 2013 

Suh et al 2011 

Tabe et al2010 

Takacs and Abbott 2007 

Takagi et al 2008 

Tan et al 2013 

Tang et al 2006, 2006 

Taniyasu et al 2003 

Taylor et al2014 

Thomford 2001 

EPA-HQ-2016-005679 06/14/2017 
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Thompson et al 20 11 

Tomy et al2014 

Trudel et al 2008 

Tucker et al 20 15 

Upham et al 1998, 2009 

US EPA 1999 

US EPA 2000 

US EPA 2002 

US EPA 2005 (cancer guidelines) 

US EPA 2009 (analytical method) 

US EPA 2011 

US EPA 2014 

US EPA 2015a, b, c 

US EPA 2016 (this is HED) 

USGS 2011 

Vecitis et al 2009 

Velez et al2015 

V enkatesan and Haden 20 13 

V enkatesan et al 20 13 

Verner et al2015 

V estergren et al 2013 

Vieira et al2013 

Volkel et al 2008 

Wallington et al 2006 

W ambaugh et al 2013 
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Wang et al2013 

W ashino et al 2009 

Watkins et al 20 13 

Weaver et al 2009, 2010 

Weiss et al 2009 

White et al 2007, 2009, 2011 

Winquist and Steenland 2014a, 2014b 

Wolf et al2005, 2007 

Wu et al2009 

Xiao et al2015 

Xu et al2013 

Yahia et al2010 

Yamada2014 

Yang et al2009, 2010 

Y oo et al 20 11 

Yu et al2009 

Zai:r et al 2008 

Zareitalabad et al 2013 

Zhang et al2013, 2013c, 2014, 2015 

Zhao et al2010 
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To: 
From: 
Sent: 
Subject: 

Joyce, 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Strong, Jamie 
Tue 1/26/2016 3:29:37 PM 
Re: status 

I looked at what you sent yesterday. It is close. I agree. 

I made a few more edits. Can you look at section 4.1.2 and my comments/text and edit 
as necessary. Also, can you add the cancer quant to an appendix and look at section 6 
(that first table needs to be replaced). I will add Carol's edits once we get them. 

THANK YOU!!! 

Jamie 

From: Donohue, Joyce 
Sent: Tuesday, January 26, 2016 8:47AM 
To: Strong, Jamie 

Subject: status 

Carol is addressing your PFOA comments on the epi studies. Carol will also make a list of the 
references cited in PFOA that are not currently on the reference list for the HA by author and 
year. Edward can locate them in the HED and paste them into the HA. I wrote Edward and 
asked him to call me so I can give him instructions regarding USGS and what I found. I believe 
he was copied on Colleen's memo. 

I will structure the PFOS to follow the PFOA I returned to you. 

Joyce 

From: Strong, Jamie 
Sent: Tuesday, January 26, 2016 7:46AM 

ED _000954(915)_Processed_PSTs-2_DD _00004686-0000 1 
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To: Donohue, Joyce <Donohue.Joyce@epa.gov>; Hackett, Edward 
<hackett.edward@epa.gov> 
Subject: USGS info for HA 

Joyce, 

Can you and Ed connect and can you walk him through creating the write up for the 
USGS data on occurrence for the HAs? 

Thanks, 

Jamie 

ED_ 000954(915 )_Processed_PSTs-2_00 _ 00004686-00002 
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From: 
Sent: 
Subject: 

EPA-HQ-2016-005679 06/14/2017 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Strong, Jamie 
Mon 1/25/2016 10:19:23 PM 
Re: MN Dept of Health comment PFOA For you Revised PFOA HA 

This is awesome. I'm going to have to work from home tomorrow too. It's still a mess. Be safe 
and stay put. 

Sent from my iPhone 

On Jan 25,2016, at 5:18PM, Donohue, Joyce wrote: 

From: Strong, Jamie 
Sent: Monday, January 25, 2016 5:14PM 
To: Donohue, Joyce 
Subject: Re: MN Dept of Health comment PFOA For you Revised PFOA HA 

Is this a revised PFOA HA? I sent comments earlier today. Does this address those? 

Sent from my iPhone 

On Jan 25,2016, at 5:10PM, Donohue, Joyce wrote: 

Personal Matters I Ex. 6 

ED _000954(915)_Processed_PSTs-2_DD _00004691-0000 1 



EPA-HQ-2016-005679 06/14/2017 

Deliberative Process I Ex. 5 

From: Strong, Jamie 
Sent: Monday, January 25, 2016 3:02PM 
To: Donohue, Joyce 
Subject: Fw: MN Dept of Health comment 

Thoughts on this comment? 

From: Flaherty, Colleen 
Sent: Monday, January 25, 2016 2:58PM 
To: Behl, Betsy 
Cc: Strong, Jamie 
Subject: MN Dept of Health comment 

ED _000954(915)_Processed_PSTs-2_DD _00004691-00002 
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Deliberative Process I Ex. 5 

I'm picking through public comments and putting the ones that I think are important 
into a word doc. Will send today or tomorrow. Many of them are focused on the liver 
endpoint which everyone hated and are no longer relevant, but there are some that 
deserve more consideration. 

<PFOA HA Draft 1-25 2016- JMD.docx> 
- -
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To: 
From: 
Sent: 
Subject: 

EPA-HQ-2016-005679 06/14/2017 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Strong, Jamie 
Mon 1/25/2016 10:14:18 PM 
Re: MN Dept of Health comment PFOA For you Revised PFOA HA 

Is this a revised PFOA HA? I sent comments earlier today. Does this address those? 

Sent from my iPhone 

On Jan 25,2016, at 5:10PM, Donohue, Joyce wrote: 

Personal Matters I Ex. 6 

Deliberative Process I Ex. 5 
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From: Strong, Jamie 
Sent: Monday, January 25, 2016 3:02PM 
To: Donohue, Joyce 
Subject: Fw: MN Dept of Health comment 

Thoughts on this comment? 

From: Flaherty, Colleen 
Sent: Monday, January 25, 2016 2:58PM 
To: Behl, Betsy 
Cc: Strong, Jamie 
Subject: MN Dept of Health comment 

Deliberative Process I Ex. 5 

I'm picking through public comments and putting the ones that I think are important into a 
word doc. Will send today or tomorrow. Many of them are focused on the liver endpoint 
which everyone hated and are no longer relevant, but there are some that deserve more 
consideration. 

ED_ 000954(915 )_Processed_PSTs-2_00 _ 00004692-00002 
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<PFOA HA Draft 1-25 2016- JMD.docx> 
- -
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To: 
From: 
Sent: 
Subject: 

EPA-HQ-2016-005679 06/14/2017 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Strong, Jamie 
Mon 1/25/2016 10:13:17 PM 
Re: MN Dept of Health comment PFOA For you Revised PFOA HA 

Personal Matters I Ex. 6 

Deliberative Process I Ex. 5 
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From: Strong, Jamie 
Sent: Monday, January 25, 2016 3:02PM 
To: Donohue, Joyce 
Subject: Fw: MN Dept of Health comment 

Thoughts on this comment? 

From: Flaherty, Colleen 
Sent: Monday, January 25, 2016 2:58PM 
To: Behl, Betsy 
Cc: Strong, Jamie 
Subject: MN Dept of Health comment 

·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-) 

Deliberative Process I Ex. 5 

I'm picking through public comments and putting the ones that I think are important into a 
word doc. Will send today or tomorrow. Many of them are focused on the liver endpoint 
which everyone hated and are no longer relevant, but there are some that deserve more 
consideration. 

ED_ 000954(915 )_Processed_PSTs-2_00 _ 00004693-00002 
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<PFOA HA Draft 1-25 2016- JMD.docx> 
- -
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To: 
From: 
Sent: 
Subject: 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Strong, Jamie 
Mon 1/25/2016 8:01:58 PM 
Fw: MN Dept of Health comment 

Thoughts on this comment? 

From: Flaherty, Colleen 
Sent: Monday, January 25, 2016 2:58 PM 
To: Behl, Betsy 
Cc: Strong, Jamie 

Subject: MN Dept of Health comment 

Deliberative Process I Ex. 5 

I'm picking through public comments and putting the ones that I think are important into a word 
doc. Will send today or tomorrow. Many of them are focused on the liver endpoint which 
everyone hated and are no longer relevant, but there are some that deserve more consideration. 

ED _000954(915)_Processed_PSTs-2_DD _00004695-0000 1 



To: 
Cc: 
From: 
Sent: 
Subject: 

Joyce, 

EPA-HQ-2016-005679 06/14/2017 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Hackett, Edward[hackett.edward@epa.gov] 
Strong, Jamie 
Mon 1/25/2016 2:11:17 PM 
PFOA HA COMMENTS 

Here are my edits and comments on PFOA HA. Please address the science/technical 
questions. I had a lot in the Dose Response section. The info in this one wasn't 
consistent with what is in the PFOS HA. 

Please finish the PFOS HA and send that out then turn to this one. Then addressing 
the comments on the HEDs. 

Its a lot I know. 

Thanks, 
Jamie 
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To: Donohue, Joyce[Donohue.Joyce@epa.gov] 
From: Strong, Jamie 
Sent: Sat 1/23/2016 7:44:16 PM 
Subject: AA briefing 

Joyce, 

Take a look at the slides for the C8 panel, the hazard id (make sure that they are 
accurate), and the slide comparing the HAs. I want to make sure I haven't said 
something inaccurate. I would like to get these (even with the holes) to Betsy and 
Colleen. 

I probably wont have anything on PFOA HA today. I have to finish a review for SHPD 
and then I will turn to that. Hopefully tomorrow. 

Thanks, 

Jamie 

ED _000954(915)_Processed_PSTs-2_DD _00004 714-00001 



EPA-HQ-2016-005679 06/14/2017 

To: Beauvais, Joei[Beauvais.Joel@epa.gov] 
Cc: Behl, Betsy[Behi.Betsy@epa.gov]; Strong, Jamie[Strong.Jamie@epa.gov]; Donohue, 
Joyce[Donohue.Joyce@epa.gov]; Grevatt, Peter[Grevatt.Peter@epa.gov] 
From: Southerland, Elizabeth 
Sent: Fri 1/22/2016 11:18:48 PM 
Subject: Re: 10 water quality matter 

Yes, we just talked. They measured in ppbs which converts to ug/L so they are fine. 

Sent from my iPhone 

On Jan 22, 2016, at 6:02PM, Beauvais, Joel 

Can you make sure that's clear to Dan 

On Jan 22, 2016, at 5:55PM, Southerland, Elizabeth 
wrote: 

wrote: 

Just double checked the units. The new values are 0.1 ug/L NOT 0.01 ug/L so Region 
10 has no exceedances based on current data. 

Sent from my iPhone 

On Jan 22,2016, at 4:51PM, Beauvais, Joel wrote: 

From: Southerland, Elizabeth 
Sent: Friday, January 22, 2016 4:50PM 
To: Behl, Betsy Strong, Jamie 

Donohue, Joyce 
Grevatt, Peter 

Subject: Re: 10 water quality matter 

f-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·"1 

! Deliberative Process I Ex. 5 ; 
i.-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·1 

Sent from my iPhone 

On Jan 22,2016, at 4:19PM, Southerland, Elizabeth 
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wrote: 

Deliberative Process I Ex. 5 

Sent from my iPhone 

Begin forwarded message: 

From: "McLerran, Dennis" 
Date: January 22,2016 at 4:10:30 PM EST 
To: "Southerland, Elizabeth" 
Subject: RE: 10 water quality matter 

From: Southerland, Elizabeth 
Sent: Friday, January 22,20161:00 PM 
To: Mclerran, Dennis <!_!"'~'""~~"'~'rh·~~~~~~~~· 
Subject: Re: 10 water quality matter 

Dan and I have talked. I will keep checking email to see if you need any 
more help from me. 

Sent from my iPhone 

On Jan 22,2016, at 2:00PM, McLerran, Dennis 
wrote: 

Betsy: 

Dan Opalski will be our lead substantively and Marianne Holsman 
and Suzanne Skadowski are our Public Affairs leads. I am talking 
with the three of them at 11:30 Pacific. 
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Dennis 

Sent from my EPA iPhone 

On Jan 22, 2016, at 10:46 AM, Southerland, Elizabeth 
wrote: 

Will do! Dennis, send me your point of contact on this issue 
so we can talk. 

Sent from my iPhone 

On Jan 22, 2016, at 1:35PM, Beauvais, Joel 
wrote: 

From: Beauvais, Joel 
Sent: Friday, January 22,20161:32 PM 

,Ic;>_: __ .f.!li~ .. --M.§ttb_E?.Y'(_~ Fritz. Matthew @~pa. g ov>; 

i Personal Address I Ex. 6 iM .b st 
:_·-·--·--~---~-·-·-·--·----·---·--·--·--·-·-·--·-·--·-·-·: e 1 u rg, an 

Cc: Purchia, Liz Mclerran, 
Dennis 
Subject: RE: 10 water quality matter 
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From: Fritz, Matthew 
Sent: Friday, January 22, 2016 1:14PM 

r-p~-~~~~-~"i--Add~;~~·-;·i~-~-·6·-·l Meibur ' Stan 
'·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·' g 

Beauvais, Joel 

Mclerran, 

Good afternoon everyone, 

FYI - below is information Dennis just sent to me 
concerning a PFOS issue in Washington state. The 
article actually references the actions Hoosick Falls, NY 
is taking on a similar matter (Judith's briefing earlier this 
week). I understand that the region is connecting with 
OP A on this, as well. 

Issaquah followed EPA rules when reporting results 
from contaminated well 

Issaquah Press- Jan. 21, 2016 --Scott Stoddard 
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The Environmental Protection Agency said this week 
that the City of Issaquah was not required to tell its water 
users that a potentially hazardous chemical detected in a 
city well in 2013, 2014 and 2015 significantly exceeded 
the EPA's provisional health advisory level. 

Perfluorooctane sulfonate, known by its abbreviation 
PFOS, has been found in water from Gilman Well No.4 
at levels that are at least twice the EPA's provisional 
health advisory level since the city started testing for the 
contaminant in 2013. Water from Gilman Well No.4 is 
always blended with at least one other well before it 
reaches the public, according to the city, which results in 
an at-the-tap PFOS level that is below the EPA's 
provisional health advisory level. Issaquah's tap water 
has always met all federal safety standards, the city said. 

In 2013, PFOS was found in Gilman Well No.4 at a 
level three times the EPA's provisional health advisory 
level of0.2 parts per billion. In its 2013 Water Quality 
Report, the city reported that reading- stating a 
detection range ofless than 0.04 parts per billion to 0.6 
parts per billion- in a secondary table titled "Other 
Substances (Lower Issaquah Valley Aquifer: (Wells 
1,2,4,5- Talus- Issaquah Highlands))." 

According to a statement from the EPA's Seattle office, 
"For contaminants such as PFOS, water systems are 
required to report the average and range at which PFOS 
is detected. Water systems may include a brief 
explanation of the reasons for monitoring for unregulated 
contaminants but they are not required to provide 
information regarding PFOS health effects or health 
advisory levels." 

In the city's 2014 Water Quality Report, there was no 
mention ofPFOS. A secondary table similar to the 2013 
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version was, in 2014, renamed "Unregulated 
Contaminant Monitoring Regulation 3 (UCMR3), Lower 
Issaquah Valley Aquifer." According to a statement from 
the city earlier this week, "test results showed non
detects in 20 14." 

However, the city said in the statement that it "was 
recently made aware ... that the third-party testing lab 
made an error, and detections were actually found in 
2014. Once we saw a pattern in the data, the city 
immediately started working with the state Department 
of Health, conducted more tests and hired an 
independent expert to study our system." 

The city contracted with Edge Analytical Laboratories in 
Burlington for its 2014 water quality tests, and Edge 
subcontracted with Anatek Labs of Moscow, Idaho, to 
perform the EPA-accredited test for perfluorinated 
chemicals, which is a family of manmade contaminants 
that includes PFOS. 

According to Lawrence Henderson, an owner and the 
director of laboratories at Edge, Anatek did not make an 
error when testing for PFOS and other perfluorinated 
chemicals. That mistake occurred at Edge as it prepared 
the results to be delivered to the city. "One of our staff 
got the report from the subcontractor and incorrectly 
entered them into the report as a nondetect," Henderson 
said. Meanwhile, Anatek entered the correct results 
directly into an EPA database, and that's how the 
discrepancy was eventually discovered. 

The city then appended its 2014 Water Quality Report 
online to include the readings of PFOS. From the time of 
that update until last week, the city's water quality 
webpage reported the 2014 PFOS detection levels for 
Gilman Well No.4 as an "amount detected" of0.514 
parts per billion and a low-to-high range of no detection 
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to 0.514. Similarly to 2013, there was no mention that 
the reading exceeded the EPA's provisional health 
advisory level for PFOS, and the EPA said the city 
wasn't required to provide that information to the public. 

Regarding the data's lack of context in Issaquah's 2013 
and 2014 reports, Bob James, the regional manager for 
the Northwest region of the state Department of Health's 
Office of Drinking Water, called it an "opportunity lost." 
James added: "My hope is that they'll take full 
advantage in the next CCR (consumer confidence report) 
to explain what the information is." 

Last week, after the city's water system fell under public 
scrutiny following its inclusion in a Jan. 6 New York 
Times Magazine story as one of 94 systems nationwide 
that contained perfluorinated chemicals, the city updated 
its water quality page online to include readings for 
PFOS and a similar contaminant, PFOA, from 2013, 
2014 and 2015. 

More importantly for consumers, it added the EPA 
provisional health advisory level to give meaning to 
those PFOS and PFOA numbers. The EPA's provisional 
health advisory levels for PFOS and PFOA were 
established in January 2009. In the words of the agency, 
provisional health advisory levels "reflect reasonable, 
health-based hazard concentrations above which action 
should be taken to reduce exposure to unregulated 
contaminants in drinking water." 

Although the EPA considers its provisional health 
advisory levels non-regulatory, the agency did step in 
last month in Hoosick Falls, N.Y., telling residents to not 
drink the city's tap water because ofPFOA readings that 
were roughly 50 percent higher than the agency's 
advisory level. 
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On the City oflssaquah's website, a statement posted 
last week said, in part: "Issaquah meets all standards set 
for safe drinking water. "Along with required tests, 
Issaquah participates in the Environmental Protection 
Agency's (EPA) unregulated monitoring program by 
performing additional tests on our drinking water. 
During that testing, detections of PFCs were found in 
one of our four wells. "The water at the tap, however, is 
blended from more than one well. "Additional testing 
conducted in 2015 - this time of the blended water
found no detection ofPFOA (the substance featured in 
the New York Times Magazine article) and less than half 
the level of PFOS set by the EPA as a 'provisional health 
advisory value.' " The statement also noted that the city 
is "hiring independent experts, who will assess our 
system and recommend some potential next steps." 

According to the city, water from Gilman Well No.4 is 
always blended with water from at least one of the city's 
other three groundwater wells. The city said it also 
purchases water from the Cascade Water Alliance. The 
city said the Talus, Lakemont and Montreux 
neighborhoods receive water that Issaquah purchases 
from Cascade Water Alliance. Issaquah Highlands 
receives a blend oflssaquah's well water and the 
purchased Cascade Water Alliance water, according to 
the city. All other customers receive a blend of the city's 
well water, the city said. 

Of the dozens of water systems in the state that 
participated in the EPA's testing program for "emerging 
contaminants" in 2013 and 2014, Issaquah's system was 
the only one to show signs ofPFOS. 

According to a 2014 EPA document about PFOS, "In 
most animal studies with PFOS, short-term and chronic 
exposure resulted in an increase in liver weight as at 
least one of the critical effects. Co-occurring effects in 
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these studies included decreased cholesterol, lower body 
weight, liver histopathology, and developmental 
toxicity." The chemical's effects on human health 
require more research, the agency says. 
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To: Southerland, Elizabeth[Southerland.Eiizabeth@epa.gov] 
Cc: Behl, Betsy[Behi.Betsy@epa.gov]; Strong, Jamie[Strong.Jamie@epa.gov]; Donohue, 
Joyce[Donohue.Joyce@epa.gov]; Grevatt, Peter[Grevatt.Peter@epa.gov] 
From: Beauvais, Joel 
Sent: Fri 1/22/2016 11:02:36 PM 
Subject: Re: 10 water quality matter 

Can you make sure that's clear to Dan 

On Jan 22, 2016, at 5:55PM, Southerland, Elizabeth wrote: 

Just double checked the units. The new values are 0.1 ug/L NOT 0.01 ug/L so Region 10 
has no exceedances based on current data. 

Sent from my iPhone 

On Jan 22,2016, at 4:51PM, Beauvais, Joel 

From: Southerland, Elizabeth 
Sent: Friday, January 22, 2016 4:50PM 
To: Behl, Betsy Strong, Jamie 
Donohue, Joyce Beauvais, Joel 

Grevatt, Peter 
Subject: Re: 10 water quality matter 

wrote: 

[-_-_-_-_-_-_-_-_-_-_---~-~-~-~--~-~-~~~-~-~~----~-~~~~-~-~--z---~~-~----~----_-_-_-_-_-_-_-_-_-J 
Sent from my iPhone 

On Jan 22,2016, at 4:19PM, Southerland, Elizabeth 
wrote: 

~--o;iii;-;-;;ti-~;---p-;~-~-;-;-;--,--E;-:---s--1 

~--·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-__1 
Sent from my iPhone 
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Begin forwarded message: 

From: "McLerran, Dennis" 
Date: January 22,2016 at 4:10:30 PM EST 
To: "Southerland, Elizabeth" 
Subject: RE: 10 water quality matter 

From: Southerland, Elizabeth 
Sent: Friday, January 22,20161:00 PM 
To: Mclerran, Dennis 
Subject: Re: 10 water quality matter 

Dan and I have talked. I will keep checking email to see if you need any 
more help from me. 

Sent from my iPhone 

On Jan 22,2016, at 2:00PM, McLerran, Dennis 
wrote: 

Betsy: 

Dan Opalski will be our lead substantively and Marianne Holsman and 
Suzanne Skadowski are our Public Affairs leads. I am talking with the 
three of them at 11:30 Pacific. 

Dennis 

Sent from my EPA iPhone 

On Jan 22, 2016, at 10:46 AM, Southerland, Elizabeth 
wrote: 
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Will do! Dennis, send me your point of contact on this issue so we 
can talk. 

Sent from my iPhone 

On Jan 22, 2016, at 1:35PM, Beauvais, Joel 
wrote: 

From: Beauvais, Joel 
Sent: Friday, January 22,20161:32 PM 
To: Fritz, Matthew 

Mclerran, Dennis 

Subject: RE: 10 water quality matter 
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From: Fritz, Matthew 
Sent: Friday, January 22, 2016 1:14PM 
.IC?.~ .. t\s!rJJJ.~M~Q.9.!.!.1JYL.Q.lQ.9. ____________________ _ 
L.-·-·-·-·-·---~-~~~?..~.~!.~.~~_r_e._~~-'--~!'::_~·-·-·-·-·-·-·-·1 Me i burg, Stan 

Beauvais, Joel 

Mclerran, Dennis 

Subject: 10 water quality matter 

Good afternoon everyone, 

FYI - below is information Dennis just sent to me concerning 
a PFOS issue in Washington state. The article actually 
references the actions Hoosick Falls, NY is taking on a 
similar matter (Judith's briefing earlier this week). I 
understand that the region is connecting with OPA on this, as 
well. 

Issaquah followed EPA rules when reporting results from 
contaminated well 

Issaquah Press- Jan. 21, 2016 --Scott Stoddard 

The Environmental Protection Agency said this week that the 
City of Issaquah was not required to tell its water users that a 
potentially hazardous chemical detected in a city well in 
2013,2014 and 2015 significantly exceeded the EPA's 
provisional health advisory level. 

Perfluorooctane sulfonate, known by its abbreviation PFOS, 
has been found in water from Gilman Well No.4 at levels that 
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are at least twice the EPA's provisional health advisory level 
since the city started testing for the contaminant in 2013. 
Water from Gilman Well No.4 is always blended with at 
least one other well before it reaches the public, according to 
the city, which results in an at-the-tap PFOS level that is 
below the EPA's provisional health advisory level. Issaquah's 
tap water has always met all federal safety standards, the city 
said. 

In 2013, PFOS was found in Gilman Well No.4 at a level 
three times the EPA's provisional health advisory level of 0.2 
parts per billion. In its 2013 Water Quality Report, the city 
reported that reading - stating a detection range of less than 
0.04 parts per billion to 0.6 parts per billion- in a secondary 
table titled "Other Substances (Lower Issaquah Valley 
Aquifer: (Wells 1,2,4,5- Talus- Issaquah Highlands))." 

According to a statement from the EPA's Seattle office, "For 
contaminants such as PFOS, water systems are required to 
report the average and range at which PFOS is detected. 
Water systems may include a brief explanation of the reasons 
for monitoring for unregulated contaminants but they are not 
required to provide information regarding PFOS health effects 
or health advisory levels." 

In the city's 2014 Water Quality Report, there was no 
mention ofPFOS. A secondary table similar to the 2013 
version was, in 2014, renamed "Unregulated Contaminant 
Monitoring Regulation 3 (UCMR3), Lower Issaquah Valley 
Aquifer." According to a statement from the city earlier this 
week, "test results showed non-detects in 2014." 

However, the city said in the statement that it "was recently 
made aware ... that the third-party testing lab made an error, 
and detections were actually found in 2014. Once we saw a 
pattern in the data, the city immediately started working with 
the state Department of Health, conducted more tests and 
hired an independent expert to study our system." 
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The city contracted with Edge Analytical Laboratories in 
Burlington for its 2014 water quality tests, and Edge 
subcontracted with Anatek Labs of Moscow, Idaho, to 
perform the EPA-accredited test for perfluorinated chemicals, 
which is a family of manmade contaminants that includes 
PFOS. 

According to Lawrence Henderson, an owner and the director 
of laboratories at Edge, Anatek did not make an error when 
testing for PFOS and other perfluorinated chemicals. That 
mistake occurred at Edge as it prepared the results to be 
delivered to the city. "One of our staff got the report from the 
subcontractor and incorrectly entered them into the report as a 
nondetect," Henderson said. Meanwhile, Anatek entered the 
correct results directly into an EPA database, and that's how 
the discrepancy was eventually discovered. 

The city then appended its 2014 Water Quality Report online 
to include the readings ofPFOS. From the time of that update 
until last week, the city's water quality webpage reported the 
2014 PFOS detection levels for Gilman Well No.4 as an 
"amount detected" of 0.514 parts per billion and a low-to
high range of no detection to 0.514. Similarly to 2013, there 
was no mention that the reading exceeded the EPA's 
provisional health advisory level for PFOS, and the EPA said 
the city wasn't required to provide that information to the 
public. 

Regarding the data's lack of context in Issaquah's 2013 and 
2014 reports, Bob James, the regional manager for the 
Northwest region of the state Department of Health's Office 
of Drinking Water, called it an "opportunity lost." James 
added: "My hope is that they'll take full advantage in the next 
CCR (consumer confidence report) to explain what the 
information is." 
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Last week, after the city's water system fell under public 
scrutiny following its inclusion in a Jan. 6 New York Times 
Magazine story as one of 94 systems nationwide that 
contained perfluorinated chemicals, the city updated its water 
quality page online to include readings for PFOS and a 
similar contaminant, PFOA, from 2013, 2014 and 2015. 

More importantly for consumers, it added the EPA 
provisional health advisory level to give meaning to those 
PFOS and PFOA numbers. The EPA's provisional health 
advisory levels for PFOS and PFOA were established in 
January 2009. In the words of the agency, provisional health 
advisory levels "reflect reasonable, health-based hazard 
concentrations above which action should be taken to reduce 
exposure to unregulated contaminants in drinking water." 

Although the EPA considers its provisional health advisory 
levels non-regulatory, the agency did step in last month in 
Hoosick Falls, N.Y., telling residents to not drink the city's 
tap water because of PFOA readings that were roughly 50 
percent higher than the agency's advisory level. 

On the City oflssaquah's website, a statement posted last 
week said, in part: "Issaquah meets all standards set for safe 
drinking water. "Along with required tests, Issaquah 
participates in the Environmental Protection Agency's (EPA) 
unregulated monitoring program by performing additional 
tests on our drinking water. During that testing, detections of 
PFCs were found in one of our four wells. "The water at the 
tap, however, is blended from more than one well. 
"Additional testing conducted in 2015 -this time of the 
blended water- found no detection of PFOA (the substance 
featured in the New York Times Magazine article) and less 
than half the level of PFOS set by the EPA as a 'provisional 
health advisory value.' " The statement also noted that the 
city is "hiring independent experts, who will assess our 
system and recommend some potential next steps." 
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According to the city, water from Gilman Well No.4 is 
always blended with water from at least one of the city's other 
three groundwater wells. The city said it also purchases water 
from the Cascade Water Alliance. The city said the Talus, 
Lakemont and Montreux neighborhoods receive water that 
Issaquah purchases from Cascade Water Alliance. Issaquah 
Highlands receives a blend of Issaquah's well water and the 
purchased Cascade Water Alliance water, according to the 
city. All other customers receive a blend of the city's well 
water, the city said. 

Of the dozens of water systems in the state that participated in 
the EPA's testing program for "emerging contaminants" in 
2013 and 2014, Issaquah's system was the only one to show 
signs ofPFOS. 

According to a 2014 EPA document about PFOS, "In most 
animal studies with PFOS, short-term and chronic exposure 
resulted in an increase in liver weight as at least one of the 
critical effects. Co-occurring effects in these studies included 
decreased cholesterol, lower body weight, liver 
histopathology, and developmental toxicity." The chemical's 
effects on human health require more research, the agency 
says. 
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To: Beauvais, Joei[Beauvais.Joel@epa.gov] 
Cc: Behl, Betsy[Behi.Betsy@epa.gov]; Strong, Jamie[Strong.Jamie@epa.gov]; Donohue, 
Joyce[Donohue.Joyce@epa.gov]; Grevatt, Peter[Grevatt.Peter@epa.gov] 
From: Southerland, Elizabeth 
Sent: Fri 1/22/2016 10:55:50 PM 
Subject: Re: 10 water quality matter 

Just double checked the units. The new values are 0.1 ug/L NOT 0.01 ug/L so Region 10 has no 
exceedances based on current data. 

Sent from my iPhone 

On Jan 22,2016, at 4:51PM, Beauvais, Joel wrote: 

From: Southerland, Elizabeth 
Sent: Friday, January 22, 2016 4:50PM 
To: Behl, Betsy Strong, Jamie <~~'r!:c'L'2.==~=~-=:..:=-:.. 
Donohue, Joyce Beauvais, Joel 
Grevatt, Peter 
Subject: Re: 10 water quality matter 

r-·-·-·-·-·-·-·-·-·-·-·-·-·-·-o-efiiie-raifv·e-·-fi-ro.cess-·-y-Ex:·:·-·s-·-·-·-·-·-·-·-·-·-·-·-·-·-·-1 
i.-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-j 

Sent from my iPhone 

On Jan 22,2016, at 4:19PM, Southerland, Elizabeth 
wrote: 

.. -·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·! 
i ! 

I Deliberative Process I Ex. 5 I 
i ! 
i ! 
i ! 

l·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·--·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·J 

Sent from my iPhone 

Begin forwarded message: 

From: "McLerran, Dennis" 
Date: January 22,2016 at 4:10:30 PM EST 
To: "Southerland, Elizabeth" 
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Subject: RE: 10 water quality matter 

From: Southerland, Elizabeth 
Sent: Friday, January 22, 2016 1:00 PM 
To: Mclerran, Dennis <!2."'~'""~1"'~'rh·~~~~~~~~· 
Subject: Re: 10 water quality matter 

Dan and I have talked. I will keep checking email to see if you need any more 
help from me. 

Sent from my iPhone 

On Jan 22,2016, at 2:00PM, McLerran, Dennis 
wrote: 

Betsy: 

Dan Opalski will be our lead substantively and Marianne Holsman and 
Suzanne Skadowski are our Public Affairs leads. I am talking with the three 
of them at 11:30 Pacific. 

Dennis 

Sent from my EPA iPhone 

On Jan 22, 2016, at 10:46 AM, Southerland, Elizabeth 
wrote: 

Will do! Dennis, send me your point of contact on this issue so we can 
talk. 

Sent from my iPhone 
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On Jan 22, 2016, at 1:35PM, Beauvais, Joel 
wrote: 

From: Beauvais, Joel 
Sent: Friday, January 22, 2016 1:32 PM 
_ _TQ;_.f[i.t;?;,_M9.ttb.~w.-~.Eri1?;JY.l.~JUl.~W@~g-~_._g_9J£>; Adm 13M cCarthy, 

l_·-·-·-·-·-·-·-·-·--~-~~~-~-~-~~--~~~!~-~~L!=~:.-~·-·-·-·-·-·-·-·-·-·)11 ei burg, Stan 

Mclerran, Dennis 

Subject: RE: 10 water quality matter 

From: Fritz, Matthew 
Sent: Friday, January 22, 2016 1:14PM 

T 0: L~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~?:~~I~-~~~~~~-T~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~J 
Meiburg, Stan Beauvais, Joel 
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Mclerran, Dennis 

Subject: 10 water quality matter 

Good afternoon everyone, 

FYI - below is information Dennis just sent to me concerning a 
PFOS issue in Washington state. The article actually references the 
actions Hoosick Falls, NY is taking on a similar matter (Judith's 
briefing earlier this week). I understand that the region is 
connecting with OP A on this, as well. 

Issaquah followed EPA rules when reporting results from 
contaminated well 

Issaquah Press- Jan. 21, 2016 --Scott Stoddard 

The Environmental Protection Agency said this week that the City 
of Issaquah was not required to tell its water users that a 
potentially hazardous chemical detected in a city well in 2013, 
2014 and 2015 significantly exceeded the EPA's provisional health 
advisory level. 

Perfluorooctane sulfonate, known by its abbreviation PFOS, has 
been found in water from Gilman Well No.4 at levels that are at 
least twice the EPA's provisional health advisory level since the 
city started testing for the contaminant in 2013. Water from 
Gilman Well No.4 is always blended with at least one other well 
before it reaches the public, according to the city, which results in 
an at-the-tap PFOS level that is below the EPA's provisional 
health advisory level. Issaquah's tap water has always met all 
federal safety standards, the city said. 
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In 2013, PFOS was found in Gilman Well No.4 at a level three 
times the EPA's provisional health advisory level of 0.2 parts per 
billion. In its 2013 Water Quality Report, the city reported that 
reading- stating a detection range ofless than 0.04 parts per 
billion to 0.6 parts per billion- in a secondary table titled "Other 
Substances (Lower Issaquah Valley Aquifer: (Wells 1,2,4,5-
Talus- Issaquah Highlands))." 

According to a statement from the EPA's Seattle office, "For 
contaminants such as PFOS, water systems are required to report 
the average and range at which PFOS is detected. Water systems 
may include a brief explanation of the reasons for monitoring for 
unregulated contaminants but they are not required to provide 
information regarding PFOS health effects or health advisory 
levels." 

In the city's 2014 Water Quality Report, there was no mention of 
PFOS. A secondary table similar to the 2013 version was, in 2014, 
renamed "Unregulated Contaminant Monitoring Regulation 3 
(UCMR3), Lower Issaquah Valley Aquifer." According to a 
statement from the city earlier this week, "test results showed non
detects in 20 14." 

However, the city said in the statement that it "was recently made 
aware ... that the third-party testing lab made an error, and 
detections were actually found in 2014. Once we saw a pattern in 
the data, the city immediately started working with the state 
Department of Health, conducted more tests and hired an 
independent expert to study our system." 

The city contracted with Edge Analytical Laboratories in 
Burlington for its 2014 water quality tests, and Edge subcontracted 
with Anatek Labs of Moscow, Idaho, to perform the EPA
accredited test for perfluorinated chemicals, which is a family of 
manmade contaminants that includes PFOS. 
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According to Lawrence Henderson, an owner and the director of 
laboratories at Edge, Anatek did not make an error when testing 
for PFOS and other perfluorinated chemicals. That mistake 
occurred at Edge as it prepared the results to be delivered to the 
city. "One of our staff got the report from the subcontractor and 
incorrectly entered them into the report as a nondetect," Henderson 
said. Meanwhile, Anatek entered the correct results directly into an 
EPA database, and that's how the discrepancy was eventually 
discovered. 

The city then appended its 2014 Water Quality Report online to 
include the readings of PFOS. From the time of that update until 
last week, the city's water quality webpage reported the 2014 
PFOS detection levels for Gilman Well No. 4 as an "amount 
detected" of 0.514 parts per billion and a low-to-high range of no 
detection to 0.514. Similarly to 2013, there was no mention that 
the reading exceeded the EPA's provisional health advisory level 
for PFOS, and the EPA said the city wasn't required to provide 
that information to the public. 

Regarding the data's lack of context in Issaquah's 2013 and 2014 
reports, Bob James, the regional manager for the Northwest region 
of the state Department of Health's Office of Drinking Water, 
called it an "opportunity lost." James added: "My hope is that 
they'll take full advantage in the next CCR (consumer confidence 
report) to explain what the information is." 

Last week, after the city's water system fell under public scrutiny 
following its inclusion in a Jan. 6 New York Times Magazine story 
as one of 94 systems nationwide that contained perfluorinated 
chemicals, the city updated its water quality page online to include 
readings for PFOS and a similar contaminant, PFOA, from 2013, 
2014 and 2015. 

More importantly for consumers, it added the EPA provisional 
health advisory level to give meaning to those PFOS and PFOA 
numbers. The EPA's provisional health advisory levels for PFOS 
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and PFOA were established in January 2009. In the words of the 
agency, provisional health advisory levels "reflect reasonable, 
health-based hazard concentrations above which action should be 
taken to reduce exposure to unregulated contaminants in drinking 
water." 

Although the EPA considers its provisional health advisory levels 
non-regulatory, the agency did step in last month in Hoosick Falls, 
N.Y., telling residents to not drink the city's tap water because of 
PFOA readings that were roughly 50 percent higher than the 
agency's advisory level. 

On the City oflssaquah's website, a statement posted last week 
said, in part: "Issaquah meets all standards set for safe drinking 
water. "Along with required tests, Issaquah participates in the 
Environmental Protection Agency's (EPA) unregulated monitoring 
program by performing additional tests on our drinking water. 
During that testing, detections of PFCs were found in one of our 
four wells. "The water at the tap, however, is blended from more 
than one well. "Additional testing conducted in 2015- this time 
of the blended water- found no detection of PFOA (the 
substance featured in the New York Times Magazine article) and 
less than half the level of PFOS set by the EPA as a 'provisional 
health advisory value.' " The statement also noted that the city is 
"hiring independent experts, who will assess our system and 
recommend some potential next steps." 

According to the city, water from Gilman Well No.4 is always 
blended with water from at least one of the city's other three 
groundwater wells. The city said it also purchases water from the 
Cascade Water Alliance. The city said the Talus, Lakemont and 
Montreux neighborhoods receive water that Issaquah purchases 
from Cascade Water Alliance. Issaquah Highlands receives a blend 
oflssaquah's well water and the purchased Cascade Water 
Alliance water, according to the city. All other customers receive a 
blend of the city's well water, the city said. 

Of the dozens of water systems in the state that participated in the 
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EPA's testing program for "emerging contaminants" in 2013 and 
2014, Issaquah's system was the only one to show signs ofPFOS. 

According to a 2014 EPA document about PFOS, "In most animal 
studies with PFOS, short-term and chronic exposure resulted in an 
increase in liver weight as at least one of the critical effects. Co
occurring effects in these studies included decreased cholesterol, 
lower body weight, liver histopathology, and developmental 
toxicity." The chemical's effects on human health require more 
research, the agency says. 
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To: Southerland, Elizabeth[Southerland.Eiizabeth@epa.gov]; Behl, Betsy[Behi.Betsy@epa.gov]; 
Strong, Jamie[Strong.Jamie@epa.gov]; Donohue, Joyce[Donohue.Joyce@epa.gov]; Grevatt, 
Peter[Grevatt. Peter@epa .gov] 
From: Beauvais, Joel 
Sent: Fri 1/22/2016 9:51:09 PM 
Subject: RE: 10 water quality matter 

From: Southerland, Elizabeth 
Sent: Friday, January 22, 2016 4:50 PM 
To: Behl, Betsy <Behi.Betsy@epa.gov>; Strong, Jamie <Strong.Jamie@epa.gov>; Donohue, 
Joyce <Donohue.Joyce@epa.gov>; Beauvais, Joel <Beauvais.Joel@epa.gov>; Grevatt, Peter 
<Grevatt.Peter@epa.gov> 
Subject: Re: 10 water quality matter 

Sent from my iPhone 

On Jan 22,2016, at 4:19PM, Southerland, Elizabeth wrote: 

Deliberative Process I Ex. 5 
Sent from my iPhone 

Begin forwarded message: 

From: "McLerran, Dennis" 
Date: January 22,2016 at 4:10:30 PM EST 
To: "Southerland, Elizabeth" 
Subject: RE: 10 water quality matter 
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From: Southerland, Elizabeth 
Sent: Friday, January 22, 2016 1:00PM 
To: Mclerran, Dennis 
Subject: Re: 10 water quality matter 

Dan and I have talked. I will keep checking email to see if you need any more help 
from me. 

Sent from my iPhone 

On Jan 22,2016, at 2:00PM, McLerran, Dennis wrote: 

Betsy: 

Dan Opalski will be our lead substantively and Marianne Holsman and Suzanne 
Skadowski are our Public Affairs leads. I am talking with the three of them at 
11:30 Pacific. 

Dennis 

Sent from my EPA iPhone 

On Jan 22, 2016, at 10:46 AM, Southerland, Elizabeth 
wrote: 

Will do! Dennis, send me your point of contact on this issue so we can talk. 

Sent from my iPhone 

On Jan 22, 2016, at 1:35PM, Beauvais, Joel 
wrote: 
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Subject: RE: 10 water quality matter 

From: Fritz, Matthew 
Sent: Friday, January 22,2016 1:14PM 
To: Ad m 13M cCarthy, Gina 4·-·-·-·-·-Perso·n-afA(i(fres-s7·E·x~-·s-·-·-·-·-·: 
M ei burg, Stan <M ei burg. Stahca:rej;n:r.-g·ov>:·13eaovars·~·-;:roer-·-·-·-·-·-·-·; 

Mclerran, Dennis 

Subject: 10 water quality matter 

Good afternoon everyone, 
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FYI - below is information Dennis just sent to me concerning a PFOS 
issue in Washington state. The article actually references the actions 
Hoosick Falls, NY is taking on a similar matter (Judith's briefing earlier 
this week). I understand that the region is connecting with OPA on this, 
as well. 

Issaquah followed EPA rules when reporting results from 
contaminated well 

Issaquah Press- Jan. 21, 2016 --Scott Stoddard 

The Environmental Protection Agency said this week that the City of 
Issaquah was not required to tell its water users that a potentially 
hazardous chemical detected in a city well in 2013, 2014 and 2015 
significantly exceeded the EPA's provisional health advisory level. 

Perfluorooctane sulfonate, known by its abbreviation PFOS, has been 
found in water from Gilman Well No.4 at levels that are at least twice 
the EPA's provisional health advisory level since the city started testing 
for the contaminant in 2013. Water from Gilman Well No.4 is always 
blended with at least one other well before it reaches the public, 
according to the city, which results in an at-the-tap PFOS level that is 
below the EPA's provisional health advisory level. Issaquah's tap water 
has always met all federal safety standards, the city said. 

In 2013, PFOS was found in Gilman Well No.4 at a level three times 
the EPA's provisional health advisory level of0.2 parts per billion. In 
its 2013 Water Quality Report, the city reported that reading- stating 
a detection range ofless than 0.04 parts per billion to 0.6 parts per 
billion- in a secondary table titled "Other Substances (Lower 
Issaquah Valley Aquifer: (Wells 1 ,2, 4,5 - Talus - Issaquah 
Highlands))." 

According to a statement from the EPA's Seattle office, "For 
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contaminants such as PFOS, water systems are required to report the 
average and range at which PFOS is detected. Water systems may 
include a brief explanation of the reasons for monitoring for 
unregulated contaminants but they are not required to provide 
information regarding PFOS health effects or health advisory levels." 

In the city's 2014 Water Quality Report, there was no mention of 
PFOS. A secondary table similar to the 2013 version was, in 2014, 
renamed "Unregulated Contaminant Monitoring Regulation 3 
(UCMR3), Lower Issaquah Valley Aquifer." According to a statement 
from the city earlier this week, "test results showed non-detects in 
2014." 

However, the city said in the statement that it "was recently made aware 
... that the third-party testing lab made an error, and detections were 
actually found in 2014. Once we saw a pattern in the data, the city 
immediately started working with the state Department of Health, 
conducted more tests and hired an independent expert to study our 
system." 

The city contracted with Edge Analytical Laboratories in Burlington for 
its 2014 water quality tests, and Edge subcontracted with Anatek Labs 
of Moscow, Idaho, to perform the EPA-accredited test for 
perfluorinated chemicals, which is a family of manmade contaminants 
that includes PFOS. 

According to Lawrence Henderson, an owner and the director of 
laboratories at Edge, Anatek did not make an error when testing for 
PFOS and other perfluorinated chemicals. That mistake occurred at 
Edge as it prepared the results to be delivered to the city. "One of our 
staff got the report from the subcontractor and incorrectly entered them 
into the report as a nondetect," Henderson said. Meanwhile, Anatek 
entered the correct results directly into an EPA database, and that's how 
the discrepancy was eventually discovered. 

The city then appended its 2014 Water Quality Report online to include 
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the readings of PFOS. From the time of that update until last week, the 
city's water quality webpage reported the 2014 PFOS detection levels 
for Gilman Well No.4 as an "amount detected" of0.514 parts per 
billion and a low-to-high range of no detection to 0.514. Similarly to 
2013, there was no mention that the reading exceeded the EPA's 
provisional health advisory level for PFOS, and the EPA said the city 
wasn't required to provide that information to the public. 

Regarding the data's lack of context in Issaquah's 2013 and 2014 
reports, Bob James, the regional manager for the Northwest region of 
the state Department of Health's Office of Drinking Water, called it an 
"opportunity lost." James added: "My hope is that they'll take full 
advantage in the next CCR (consumer confidence report) to explain 
what the information is." 

Last week, after the city's water system fell under public scrutiny 
following its inclusion in a Jan. 6 New York Times Magazine story as 
one of 94 systems nationwide that contained perfluorinated chemicals, 
the city updated its water quality page online to include readings for 
PFOS and a similar contaminant, PFOA, from 2013, 2014 and 2015. 

More importantly for consumers, it added the EPA provisional health 
advisory level to give meaning to those PFOS and PFOA numbers. The 
EPA's provisional health advisory levels for PFOS and PFOA were 
established in January 2009. In the words of the agency, provisional 
health advisory levels "reflect reasonable, health-based hazard 
concentrations above which action should be taken to reduce exposure 
to unregulated contaminants in drinking water." 

Although the EPA considers its provisional health advisory levels non
regulatory, the agency did step in last month in Hoosick Falls, N.Y., 
telling residents to not drink the city's tap water because ofPFOA 
readings that were roughly 50 percent higher than the agency's advisory 
level. 

On the City oflssaquah's website, a statement posted last week said, in 
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part: "Issaquah meets all standards set for safe drinking water. "Along 
with required tests, Issaquah participates in the Environmental 
Protection Agency's (EPA) unregulated monitoring program by 
performing additional tests on our drinking water. During that testing, 
detections of PFCs were found in one of our four wells. "The water at 
the tap, however, is blended from more than one well. "Additional 
testing conducted in 2015 - this time of the blended water- found no 
detection ofPFOA (the substance featured in the New York Times 
Magazine article) and less than half the level of PFOS set by the EPA as 
a 'provisional health advisory value.'" The statement also noted that 
the city is "hiring independent experts, who will assess our system and 
recommend some potential next steps." 

According to the city, water from Gilman Well No.4 is always blended 
with water from at least one of the city's other three groundwater wells. 
The city said it also purchases water from the Cascade Water Alliance. 
The city said the Talus, Lakemont and Montreux neighborhoods receive 
water that Issaquah purchases from Cascade Water Alliance. Issaquah 
Highlands receives a blend oflssaquah's well water and the purchased 
Cascade Water Alliance water, according to the city. All other 
customers receive a blend of the city's well water, the city said. 

Of the dozens of water systems in the state that participated in the 
EPA's testing program for "emerging contaminants" in 2013 and 2014, 
Issaquah's system was the only one to show signs ofPFOS. 

According to a 2014 EPA document about PFOS, "In most animal 
studies with PFOS, short-term and chronic exposure resulted in an 
increase in liver weight as at least one of the critical effects. Co
occurring effects in these studies included decreased cholesterol, lower 
body weight, liver histopathology, and developmental toxicity." The 
chemical's effects on human health require more research, the agency 
says. 
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To: Behl, Betsy[Behi.Betsy@epa.gov]; Strong, Jamie[Strong.Jamie@epa.gov]; Donohue, 
Joyce[Donohue.Joyce@epa.gov]; Beauvais, Joei[Beauvais.Joel@epa.gov]; Grevatt, 
Peter[Grevatt. Peter@epa .gov] 
From: Southerland, Elizabeth 
Sent: Fri 1/22/2016 9:49:59 PM 
Subject: Re: 10 water quality matter 

~--·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·~ 

i Deliberative Process I Ex. 5 i 
i..·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-j 

Sent from my iPhone 

On Jan 22,2016, at 4:19PM, Southerland, Elizabeth wrote: 

Deliberative Process I Ex. 5 
Sent from my iPhone 

Begin forwarded message: 

From: "McLerran, Dennis" 
Date: January 22,2016 at 4:10:30 PM EST 
To: "Southerland, Elizabeth" 
Subject: RE: 10 water quality matter 

From: Southerland, Elizabeth 
Sent: Friday, January 22, 2016 1:00 PM 
To: Mclerran, Dennis 
Subject: Re: 10 water quality matter 

Dan and I have talked. I will keep checking email to see if you need any more help 
from me. 
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Sent from my iPhone 

On Jan 22,2016, at 2:00PM, McLerran, Dennis wrote: 

Betsy: 

Dan Opalski will be our lead substantively and Marianne Holsman and Suzanne 
Skadowski are our Public Affairs leads. I am talking with the three of them at 
11:30 Pacific. 

Dennis 

Sent from my EPA iPhone 

On Jan 22, 2016, at 10:46 AM, Southerland, Elizabeth 
wrote: 

Will do! Dennis, send me your point of contact on this issue so we can talk. 

Sent from my iPhone 

On Jan 22, 2016, at 1:35PM, Beauvais, Joel 
wrote: 

From: Beauvais, Joel 
Sent: Friday, January 22,20161:32 PM 
To: Fritz, Matthew Adm13McCarthy, Gina 
r···-···-·----~'Pe-rsona"i"A-CiCiress.TE·x~-6-·-·-·-·-·-·-·-···~ e i burg, Stan 
<MeToilrg~Slaii"@eip-a·.-£iov>-·-·-·-·-·-·-·-·-·-·-·-·" 
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Mclerran, Dennis 

Subject: RE: 10 water quality matter 

From: Fritz, Matthew 
Sent: Friday, January 22, 2016 1:14PM 
To L~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.~~iilai-A<i.Cire55"1"E"x:-s-·-·-·-·-·-·-·-·-·--~~-·-·-·-·-·-·-·-·-·-·~~~J 
Meiburg, Stan Beauvais, Joel 

Mclerran, Dennis 

Subject: 10 water quality matter 

Good afternoon everyone, 

FYI - below is information Dennis just sent to me concerning a PFOS 
issue in Washington state. The article actually references the actions 
Hoosick Falls, NY is taking on a similar matter (Judith's briefing earlier 
this week). I understand that the region is connecting with OPA on this, 
as well. 
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Issaquah followed EPA rules when reporting results from 
contaminated well 

Issaquah Press- Jan. 21, 2016 --Scott Stoddard 

The Environmental Protection Agency said this week that the City of 
Issaquah was not required to tell its water users that a potentially 
hazardous chemical detected in a city well in 2013, 2014 and 2015 
significantly exceeded the EPA's provisional health advisory level. 

Perfluorooctane sulfonate, known by its abbreviation PFOS, has been 
found in water from Gilman Well No.4 at levels that are at least twice 
the EPA's provisional health advisory level since the city started testing 
for the contaminant in 2013. Water from Gilman Well No.4 is always 
blended with at least one other well before it reaches the public, 
according to the city, which results in an at-the-tap PFOS level that is 
below the EPA's provisional health advisory level. Issaquah's tap water 
has always met all federal safety standards, the city said. 

In 2013, PFOS was found in Gilman Well No.4 at a level three times 
the EPA's provisional health advisory level of0.2 parts per billion. In 
its 2013 Water Quality Report, the city reported that reading- stating 
a detection range ofless than 0.04 parts per billion to 0.6 parts per 
billion- in a secondary table titled "Other Substances (Lower 
Issaquah Valley Aquifer: (Wells 1 ,2, 4,5 - Talus - Issaquah 
Highlands))." 

According to a statement from the EPA's Seattle office, "For 
contaminants such as PFOS, water systems are required to report the 
average and range at which PFOS is detected. Water systems may 
include a brief explanation of the reasons for monitoring for 
unregulated contaminants but they are not required to provide 
information regarding PFOS health effects or health advisory levels." 

In the city's 2014 Water Quality Report, there was no mention of 
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PFOS. A secondary table similar to the 2013 version was, in 2014, 
renamed "Unregulated Contaminant Monitoring Regulation 3 
(UCMR3), Lower Issaquah Valley Aquifer." According to a statement 
from the city earlier this week, "test results showed non-detects in 
2014." 

However, the city said in the statement that it "was recently made aware 
... that the third-party testing lab made an error, and detections were 
actually found in 2014. Once we saw a pattern in the data, the city 
immediately started working with the state Department of Health, 
conducted more tests and hired an independent expert to study our 
system." 

The city contracted with Edge Analytical Laboratories in Burlington for 
its 2014 water quality tests, and Edge subcontracted with Anatek Labs 
of Moscow, Idaho, to perform the EPA-accredited test for 
perfluorinated chemicals, which is a family of manmade contaminants 
that includes PFOS. 

According to Lawrence Henderson, an owner and the director of 
laboratories at Edge, Anatek did not make an error when testing for 
PFOS and other perfluorinated chemicals. That mistake occurred at 
Edge as it prepared the results to be delivered to the city. "One of our 
staff got the report from the subcontractor and incorrectly entered them 
into the report as a nondetect," Henderson said. Meanwhile, Anatek 
entered the correct results directly into an EPA database, and that's how 
the discrepancy was eventually discovered. 

The city then appended its 2014 Water Quality Report online to include 
the readings of PFOS. From the time of that update until last week, the 
city's water quality webpage reported the 2014 PFOS detection levels 
for Gilman Well No.4 as an "amount detected" of0.514 parts per 
billion and a low-to-high range of no detection to 0.514. Similarly to 
2013, there was no mention that the reading exceeded the EPA's 
provisional health advisory level for PFOS, and the EPA said the city 
wasn't required to provide that information to the public. 
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Regarding the data's lack of context in Issaquah's 2013 and 2014 
reports, Bob James, the regional manager for the Northwest region of 
the state Department of Health's Office of Drinking Water, called it an 
"opportunity lost." James added: "My hope is that they'll take full 
advantage in the next CCR (consumer confidence report) to explain 
what the information is." 

Last week, after the city's water system fell under public scrutiny 
following its inclusion in a Jan. 6 New York Times Magazine story as 
one of 94 systems nationwide that contained perfluorinated chemicals, 
the city updated its water quality page online to include readings for 
PFOS and a similar contaminant, PFOA, from 2013, 2014 and 2015. 

More importantly for consumers, it added the EPA provisional health 
advisory level to give meaning to those PFOS and PFOA numbers. The 
EPA's provisional health advisory levels for PFOS and PFOA were 
established in January 2009. In the words of the agency, provisional 
health advisory levels "reflect reasonable, health-based hazard 
concentrations above which action should be taken to reduce exposure 
to unregulated contaminants in drinking water." 

Although the EPA considers its provisional health advisory levels non
regulatory, the agency did step in last month in Hoosick Falls, N.Y., 
telling residents to not drink the city's tap water because ofPFOA 
readings that were roughly 50 percent higher than the agency's advisory 
level. 

On the City oflssaquah's website, a statement posted last week said, in 
part: "Issaquah meets all standards set for safe drinking water. "Along 
with required tests, Issaquah participates in the Environmental 
Protection Agency's (EPA) unregulated monitoring program by 
performing additional tests on our drinking water. During that testing, 
detections of PFCs were found in one of our four wells. "The water at 
the tap, however, is blended from more than one well. "Additional 
testing conducted in 2015 - this time of the blended water- found no 
detection ofPFOA (the substance featured in the New York Times 
Magazine article) and less than half the level of PFOS set by the EPA as 
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a 'provisional health advisory value.'" The statement also noted that 
the city is "hiring independent experts, who will assess our system and 
recommend some potential next steps." 

According to the city, water from Gilman Well No.4 is always blended 
with water from at least one of the city's other three groundwater wells. 
The city said it also purchases water from the Cascade Water Alliance. 
The city said the Talus, Lakemont and Montreux neighborhoods receive 
water that Issaquah purchases from Cascade Water Alliance. Issaquah 
Highlands receives a blend oflssaquah's well water and the purchased 
Cascade Water Alliance water, according to the city. All other 
customers receive a blend of the city's well water, the city said. 

Of the dozens of water systems in the state that participated in the 
EPA's testing program for "emerging contaminants" in 2013 and 2014, 
Issaquah's system was the only one to show signs ofPFOS. 

According to a 2014 EPA document about PFOS, "In most animal 
studies with PFOS, short-term and chronic exposure resulted in an 
increase in liver weight as at least one of the critical effects. Co
occurring effects in these studies included decreased cholesterol, lower 
body weight, liver histopathology, and developmental toxicity." The 
chemical's effects on human health require more research, the agency 
says. 
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To: Southerland, Elizabeth[Southerland.Eiizabeth@epa.gov] 
Cc: Behl, Betsy[Behi.Betsy@epa.gov]; Strong, Jamie[Strong.Jamie@epa.gov]; Donohue, 
Joyce[Donohue.Joyce@epa.gov]; Grevatt, Peter[Grevatt.Peter@epa.gov] 
From: Beauvais, Joel 
Sent: Fri 1/22/2016 9:49:05 PM 
Subject: RE: 10 water quality matter 

From: Southerland, Elizabeth 
Sent: Friday, January 22, 2016 4:48PM 
To: Beauvais, Joel <Beauvais.Joel@epa.gov> 
Cc: Behl, Betsy <Behi.Betsy@epa.gov>; Strong, Jamie <Strong.Jamie@epa.gov>; Donohue, 
Joyce <Donohue.Joyce@epa.gov>; Grevatt, Peter <Grevatt.Peter@epa.gov> 
Subject: Re: 10 water quality matter 

r·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·r 
i i 

! Deliberative Process I Ex. 5 ! 
i i 
i..·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·i 

Sent from my iPhone 

On Jan 22, 2016, at 4:42PM, Beauvais, Joel wrote: 
r·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·~ 

! Deliberative Process I Ex. 5 i 
i-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·~ 

From: Southerland, Elizabeth 
Sent: Friday, January 22, 2016 4:19PM 
To: Behl, Betsy Strong, Jamie 
Donohue, Joyce Beauvais, Joel 
Grevatt, Peter 
Subject: Fwd: 10 water quality matter 

r·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·~ 

I Deliberative Process I Ex. sl 
i ! 
i ! 
i ! 
i·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·~ 

Sent from my iPhone 
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Begin forwarded message: 

From: "McLerran, Dennis" 
Date: January 22,2016 at 4:10:30 PM EST 
To: "Southerland, Elizabeth" 
Subject: RE: 10 water quality matter 

From: Southerland, Elizabeth 
Sent: Friday, January 22, 2016 1:00 PM 
To: Mclerran, Dennis 
Subject: Re: 10 water quality matter 

Dan and I have talked. I will keep checking email to see if you need any more help 
from me. 

Sent from my iPhone 

On Jan 22,2016, at 2:00PM, McLerran, Dennis wrote: 

Betsy: 

Dan Opalski will be our lead substantively and Marianne Holsman and Suzanne 
Skadowski are our Public Affairs leads. I am talking with the three of them at 
11:30 Pacific. 

Dennis 

Sent from my EPA iPhone 

On Jan 22, 2016, at 10:46 AM, Southerland, Elizabeth 
wrote: 

Will do! Dennis, send me your point of contact on this issue so we can talk. 
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Sent from my iPhone 

On Jan 22, 2016, at 1:35PM, Beauvais, Joel 
wrote: 

Subject: RE: 10 water quality matter 

From: Fritz, Matthew 

Adm13McCarthy, Gina 
Stan 
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Sent: Friday, January 22,2016 1:14PM 
To: r-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-P-e.rsonaf.Acfcire-ssTEX:-:-·s-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·~ 

Me i IJi.Tr~CSli:fn·-<Meib"U"rg~Stan@epa~go\1>~·-s-eaUv·ais~·-Joer·-·-·-·-·-·-·-·-·-·-·-·-·-·-' 

Mclerran, Dennis 

Subject: 10 water quality matter 

Good afternoon everyone, 

FYI - below is information Dennis just sent to me concerning a PFOS 
issue in Washington state. The article actually references the actions 
Hoosick Falls, NY is taking on a similar matter (Judith's briefing earlier 
this week). I understand that the region is connecting with OPA on this, 
as well. 

Issaquah followed EPA rules when reporting results from 
contaminated well 

Issaquah Press- Jan. 21, 2016 --Scott Stoddard 

The Environmental Protection Agency said this week that the City of 
Issaquah was not required to tell its water users that a potentially 
hazardous chemical detected in a city well in 2013, 2014 and 2015 
significantly exceeded the EPA's provisional health advisory level. 

Perfluorooctane sulfonate, known by its abbreviation PFOS, has been 
found in water from Gilman Well No.4 at levels that are at least twice 
the EPA's provisional health advisory level since the city started testing 
for the contaminant in 2013. Water from Gilman Well No.4 is always 
blended with at least one other well before it reaches the public, 
according to the city, which results in an at-the-tap PFOS level that is 
below the EPA's provisional health advisory level. Issaquah's tap water 
has always met all federal safety standards, the city said. 
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In 2013, PFOS was found in Gilman Well No.4 at a level three times 
the EPA's provisional health advisory level of0.2 parts per billion. In 
its 2013 Water Quality Report, the city reported that reading- stating 
a detection range ofless than 0.04 parts per billion to 0.6 parts per 
billion- in a secondary table titled "Other Substances (Lower 
Issaquah Valley Aquifer: (Wells 1 ,2, 4,5 - Talus - Issaquah 
Highlands))." 

According to a statement from the EPA's Seattle office, "For 
contaminants such as PFOS, water systems are required to report the 
average and range at which PFOS is detected. Water systems may 
include a brief explanation of the reasons for monitoring for 
unregulated contaminants but they are not required to provide 
information regarding PFOS health effects or health advisory levels." 

In the city's 2014 Water Quality Report, there was no mention of 
PFOS. A secondary table similar to the 2013 version was, in 2014, 
renamed "Unregulated Contaminant Monitoring Regulation 3 
(UCMR3), Lower Issaquah Valley Aquifer." According to a statement 
from the city earlier this week, "test results showed non-detects in 
2014." 

However, the city said in the statement that it "was recently made aware 
... that the third-party testing lab made an error, and detections were 
actually found in 2014. Once we saw a pattern in the data, the city 
immediately started working with the state Department of Health, 
conducted more tests and hired an independent expert to study our 
system." 

The city contracted with Edge Analytical Laboratories in Burlington for 
its 2014 water quality tests, and Edge subcontracted with Anatek Labs 
of Moscow, Idaho, to perform the EPA-accredited test for 
perfluorinated chemicals, which is a family of manmade contaminants 
that includes PFOS. 
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According to Lawrence Henderson, an owner and the director of 
laboratories at Edge, Anatek did not make an error when testing for 
PFOS and other perfluorinated chemicals. That mistake occurred at 
Edge as it prepared the results to be delivered to the city. "One of our 
staff got the report from the subcontractor and incorrectly entered them 
into the report as a nondetect," Henderson said. Meanwhile, Anatek 
entered the correct results directly into an EPA database, and that's how 
the discrepancy was eventually discovered. 

The city then appended its 2014 Water Quality Report online to include 
the readings of PFOS. From the time of that update until last week, the 
city's water quality webpage reported the 2014 PFOS detection levels 
for Gilman Well No.4 as an "amount detected" of0.514 parts per 
billion and a low-to-high range of no detection to 0.514. Similarly to 
2013, there was no mention that the reading exceeded the EPA's 
provisional health advisory level for PFOS, and the EPA said the city 
wasn't required to provide that information to the public. 

Regarding the data's lack of context in Issaquah's 2013 and 2014 
reports, Bob James, the regional manager for the Northwest region of 
the state Department of Health's Office of Drinking Water, called it an 
"opportunity lost." James added: "My hope is that they'll take full 
advantage in the next CCR (consumer confidence report) to explain 
what the information is." 

Last week, after the city's water system fell under public scrutiny 
following its inclusion in a Jan. 6 New York Times Magazine story as 
one of 94 systems nationwide that contained perfluorinated chemicals, 
the city updated its water quality page online to include readings for 
PFOS and a similar contaminant, PFOA, from 2013, 2014 and 2015. 

More importantly for consumers, it added the EPA provisional health 
advisory level to give meaning to those PFOS and PFOA numbers. The 
EPA's provisional health advisory levels for PFOS and PFOA were 
established in January 2009. In the words of the agency, provisional 
health advisory levels "reflect reasonable, health-based hazard 
concentrations above which action should be taken to reduce exposure 
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to unregulated contaminants in drinking water." 

Although the EPA considers its provisional health advisory levels non
regulatory, the agency did step in last month in Hoosick Falls, N.Y., 
telling residents to not drink the city's tap water because ofPFOA 
readings that were roughly 50 percent higher than the agency's advisory 
level. 

On the City oflssaquah's website, a statement posted last week said, in 
part: "Issaquah meets all standards set for safe drinking water. "Along 
with required tests, Issaquah participates in the Environmental 
Protection Agency's (EPA) unregulated monitoring program by 
performing additional tests on our drinking water. During that testing, 
detections of PFCs were found in one of our four wells. "The water at 
the tap, however, is blended from more than one well. "Additional 
testing conducted in 2015 - this time of the blended water- found no 
detection ofPFOA (the substance featured in the New York Times 
Magazine article) and less than half the level of PFOS set by the EPA as 
a 'provisional health advisory value.'" The statement also noted that 
the city is "hiring independent experts, who will assess our system and 
recommend some potential next steps." 

According to the city, water from Gilman Well No.4 is always blended 
with water from at least one of the city's other three groundwater wells. 
The city said it also purchases water from the Cascade Water Alliance. 
The city said the Talus, Lakemont and Montreux neighborhoods receive 
water that Issaquah purchases from Cascade Water Alliance. Issaquah 
Highlands receives a blend oflssaquah's well water and the purchased 
Cascade Water Alliance water, according to the city. All other 
customers receive a blend of the city's well water, the city said. 

Of the dozens of water systems in the state that participated in the 
EPA's testing program for "emerging contaminants" in 2013 and 2014, 
Issaquah's system was the only one to show signs ofPFOS. 

According to a 2014 EPA document about PFOS, "In most animal 
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studies with PFOS, short-term and chronic exposure resulted in an 
increase in liver weight as at least one of the critical effects. Co
occurring effects in these studies included decreased cholesterol, lower 
body weight, liver histopathology, and developmental toxicity." The 
chemical's effects on human health require more research, the agency 
says. 
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To: Beauvais, Joei[Beauvais.Joel@epa.gov] 
Cc: Behl, Betsy[Behi.Betsy@epa.gov]; Strong, Jamie[Strong.Jamie@epa.gov]; Donohue, 
Joyce[Donohue.Joyce@epa.gov]; Grevatt, Peter[Grevatt.Peter@epa.gov] 
From: Southerland, Elizabeth 
Sent: Fri 1/22/2016 9:47:41 PM 
Subject: Re: 10 water quality matter 

Sent from my iPhone 

On Jan 22, 2016, at 4:42PM, Beauvais, Joel wrote: 

~·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·· 

i Deliberative Process I Ex. 5 ! 
L·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·1 

From: Southerland, Elizabeth 
Sent: Friday, January 22, 2016 4:19PM 
To: Behl, Betsy Strong, Jamie <~~'r!:c'L'2.==~=~-=:..:=-:.. 
Donohue, Joyce Beauvais, Joel 
Grevatt, Peter 
Subject: Fwd: 10 water quality matter 

i-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-
; 
; 
; 

i Deliberative Process I Ex. 5 
; 
; 
; 
; 
i·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-· 

Sent from my iPhone 

Begin forwarded message: 

From: "McLerran, Dennis" 
Date: January 22,2016 at 4:10:30 PM EST 
To: "Southerland, Elizabeth" 
Subject: RE: 10 water quality matter 
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From: Southerland, Elizabeth 
Sent: Friday, January 22,20161:00 PM 
To: Mclerran, Dennis 
Subject: Re: 10 water quality matter 

Dan and I have talked. I will keep checking email to see if you need any more help 
from me. 

Sent from my iPhone 

On Jan 22,2016, at 2:00PM, McLerran, Dennis wrote: 

Betsy: 

Dan Opalski will be our lead substantively and Marianne Holsman and Suzanne 
Skadowski are our Public Affairs leads. I am talking with the three of them at 
11:30 Pacific. 

Dennis 

Sent from my EPA iPhone 

On Jan 22, 2016, at 10:46 AM, Southerland, Elizabeth 
wrote: 

Will do! Dennis, send me your point of contact on this issue so we can talk. 

Sent from my iPhone 

On Jan 22, 2016, at 1:35PM, Beauvais, Joel 
wrote: 
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From: Beauvais, Joel 
Sent: Friday, January 22,20161:32 PM 
Jo_: __ .f.Jjt.?;.~.M.atth_e_'lf'L~ErJtz .• Ma.ttb.e_w@.e,pa .gov>; Adm 13McCarthy, Gina 
L--·~-·---~~~~~~-~~-~-«:~-~L~~.~-~---r-·-·-·-,-·-JA ei burg, Stan 

Mclerran, Dennis 

Subject: RE: 10 water quality matter 

From: Fritz, Matthew 
S.e.nt_.fJjd.av._.Janu.ary __ 22._.2Q_1_6_.L1.4 . .PM _________________________________________________________ _ 
1 Personal Address I Ex. 6 1 
'·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-;;-·r·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·,·-..-·-,.-·-·-·-.·7·-·-·-·-·r·-·-) 

Beauvais, Joel 

Mclerran, Dennis 

Subject: 10 water quality matter 

Good afternoon everyone, 
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FYI - below is information Dennis just sent to me concerning a PFOS 
issue in Washington state. The article actually references the actions 
Hoosick Falls, NY is taking on a similar matter (Judith's briefing earlier 
this week). I understand that the region is connecting with OPA on this, 
as well. 

Issaquah followed EPA rules when reporting results from 
contaminated well 

Issaquah Press- Jan. 21, 2016 --Scott Stoddard 

The Environmental Protection Agency said this week that the City of 
Issaquah was not required to tell its water users that a potentially 
hazardous chemical detected in a city well in 2013, 2014 and 2015 
significantly exceeded the EPA's provisional health advisory level. 

Perfluorooctane sulfonate, known by its abbreviation PFOS, has been 
found in water from Gilman Well No.4 at levels that are at least twice 
the EPA's provisional health advisory level since the city started testing 
for the contaminant in 2013. Water from Gilman Well No.4 is always 
blended with at least one other well before it reaches the public, 
according to the city, which results in an at-the-tap PFOS level that is 
below the EPA's provisional health advisory level. Issaquah's tap water 
has always met all federal safety standards, the city said. 

In 2013, PFOS was found in Gilman Well No.4 at a level three times 
the EPA's provisional health advisory level of0.2 parts per billion. In 
its 2013 Water Quality Report, the city reported that reading- stating 
a detection range ofless than 0.04 parts per billion to 0.6 parts per 
billion- in a secondary table titled "Other Substances (Lower 
Issaquah Valley Aquifer: (Wells 1 ,2, 4,5 - Talus - Issaquah 
Highlands))." 
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According to a statement from the EPA's Seattle office, "For 
contaminants such as PFOS, water systems are required to report the 
average and range at which PFOS is detected. Water systems may 
include a brief explanation of the reasons for monitoring for 
unregulated contaminants but they are not required to provide 
information regarding PFOS health effects or health advisory levels." 

In the city's 2014 Water Quality Report, there was no mention of 
PFOS. A secondary table similar to the 2013 version was, in 2014, 
renamed "Unregulated Contaminant Monitoring Regulation 3 
(UCMR3), Lower Issaquah Valley Aquifer." According to a statement 
from the city earlier this week, "test results showed non-detects in 
2014." 

However, the city said in the statement that it "was recently made aware 
... that the third-party testing lab made an error, and detections were 
actually found in 2014. Once we saw a pattern in the data, the city 
immediately started working with the state Department of Health, 
conducted more tests and hired an independent expert to study our 
system." 

The city contracted with Edge Analytical Laboratories in Burlington for 
its 2014 water quality tests, and Edge subcontracted with Anatek Labs 
of Moscow, Idaho, to perform the EPA-accredited test for 
perfluorinated chemicals, which is a family of manmade contaminants 
that includes PFOS. 

According to Lawrence Henderson, an owner and the director of 
laboratories at Edge, Anatek did not make an error when testing for 
PFOS and other perfluorinated chemicals. That mistake occurred at 
Edge as it prepared the results to be delivered to the city. "One of our 
staff got the report from the subcontractor and incorrectly entered them 
into the report as a nondetect," Henderson said. Meanwhile, Anatek 
entered the correct results directly into an EPA database, and that's how 
the discrepancy was eventually discovered. 
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The city then appended its 2014 Water Quality Report online to include 
the readings of PFOS. From the time of that update until last week, the 
city's water quality webpage reported the 2014 PFOS detection levels 
for Gilman Well No.4 as an "amount detected" of0.514 parts per 
billion and a low-to-high range of no detection to 0.514. Similarly to 
2013, there was no mention that the reading exceeded the EPA's 
provisional health advisory level for PFOS, and the EPA said the city 
wasn't required to provide that information to the public. 

Regarding the data's lack of context in Issaquah's 2013 and 2014 
reports, Bob James, the regional manager for the Northwest region of 
the state Department of Health's Office of Drinking Water, called it an 
"opportunity lost." James added: "My hope is that they'll take full 
advantage in the next CCR (consumer confidence report) to explain 
what the information is." 

Last week, after the city's water system fell under public scrutiny 
following its inclusion in a Jan. 6 New York Times Magazine story as 
one of 94 systems nationwide that contained perfluorinated chemicals, 
the city updated its water quality page online to include readings for 
PFOS and a similar contaminant, PFOA, from 2013, 2014 and 2015. 

More importantly for consumers, it added the EPA provisional health 
advisory level to give meaning to those PFOS and PFOA numbers. The 
EPA's provisional health advisory levels for PFOS and PFOA were 
established in January 2009. In the words of the agency, provisional 
health advisory levels "reflect reasonable, health-based hazard 
concentrations above which action should be taken to reduce exposure 
to unregulated contaminants in drinking water." 

Although the EPA considers its provisional health advisory levels non
regulatory, the agency did step in last month in Hoosick Falls, N.Y., 
telling residents to not drink the city's tap water because ofPFOA 
readings that were roughly 50 percent higher than the agency's advisory 
level. 
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On the City oflssaquah's website, a statement posted last week said, in 
part: "Issaquah meets all standards set for safe drinking water. "Along 
with required tests, Issaquah participates in the Environmental 
Protection Agency's (EPA) unregulated monitoring program by 
performing additional tests on our drinking water. During that testing, 
detections of PFCs were found in one of our four wells. "The water at 
the tap, however, is blended from more than one well. "Additional 
testing conducted in 2015 - this time of the blended water- found no 
detection ofPFOA (the substance featured in the New York Times 
Magazine article) and less than half the level of PFOS set by the EPA as 
a 'provisional health advisory value.'" The statement also noted that 
the city is "hiring independent experts, who will assess our system and 
recommend some potential next steps." 

According to the city, water from Gilman Well No.4 is always blended 
with water from at least one of the city's other three groundwater wells. 
The city said it also purchases water from the Cascade Water Alliance. 
The city said the Talus, Lakemont and Montreux neighborhoods receive 
water that Issaquah purchases from Cascade Water Alliance. Issaquah 
Highlands receives a blend oflssaquah's well water and the purchased 
Cascade Water Alliance water, according to the city. All other 
customers receive a blend of the city's well water, the city said. 

Of the dozens of water systems in the state that participated in the 
EPA's testing program for "emerging contaminants" in 2013 and 2014, 
Issaquah's system was the only one to show signs ofPFOS. 

According to a 2014 EPA document about PFOS, "In most animal 
studies with PFOS, short-term and chronic exposure resulted in an 
increase in liver weight as at least one of the critical effects. Co
occurring effects in these studies included decreased cholesterol, lower 
body weight, liver histopathology, and developmental toxicity." The 
chemical's effects on human health require more research, the agency 
says. 
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To: Southerland, Elizabeth[Southerland.Eiizabeth@epa.gov]; Behl, Betsy[Behi.Betsy@epa.gov]; 
Strong, Jamie[Strong.Jamie@epa.gov]; Donohue, Joyce[Donohue.Joyce@epa.gov]; Grevatt, 
Peter[Grevatt. Peter@epa .gov] 
From: Beauvais, Joel 
Sent: Fri 1/22/2016 9:42:47 PM 
Subject: RE: 10 water quality matter 

r·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·1 

!·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·--~~-~-~-~-~-~~.!~.~~--~-~~~-~~~-L-~_>_e_~_.§._·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-___1 

From: Southerland, Elizabeth 
Sent: Friday, January 22, 2016 4:19PM 
To: Behl, Betsy <Behi.Betsy@epa.gov>; Strong, Jamie <Strong.Jamie@epa.gov>; Donohue, 
Joyce <Donohue.Joyce@epa.gov>; Beauvais, Joel <Beauvais.Joel@epa.gov>; Grevatt, Peter 
<Grevatt.Peter@epa.gov> 
Subject: Fwd: 10 water quality matter 

Deliberative Process I Ex. 5 
Sent from my iPhone 

Begin forwarded message: 

From: "McLerran, Dennis" 
Date: January 22,2016 at 4:10:30 PM EST 
To: "Southerland, Elizabeth" 
Subject: RE: 10 water quality matter 

From: Southerland, Elizabeth 
Sent: Friday, January 22, 2016 1:00 PM 
To: Mclerran, Dennis <!.!.rrl!:lr~~"'~'rh-':h~~~~~.:J::;:I.!:~ 
Subject: Re: 10 water quality matter 
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Dan and I have talked. I will keep checking email to see if you need any more help from 
me. 

Sent from my iPhone 

On Jan 22,2016, at 2:00PM, McLerran, Dennis wrote: 

Betsy: 

Dan Opalski will be our lead substantively and Marianne Holsman and Suzanne 
Skadowski are our Public Affairs leads. I am talking with the three of them at 11:30 
Pacific. 

Dennis 

Sent from my EPA iPhone 

On Jan 22, 2016, at 10:46 AM, Southerland, Elizabeth 
wrote: 

Will do! Dennis, send me your point of contact on this issue so we can talk. 

Sent from my iPhone 

On Jan 22, 2016, at 1:35PM, Beauvais, Joel wrote: 

From: Beauvais, Joel 
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Sent: Friday, January 22, 2016 1:32 PM 
.To.:_.Eritz .. Matth.ew_.~.Eritz..Ma.tttlew@~pa.gov>; Adm 13McCarthy, Gina 
L___ Personal Address I Ex. 6 _____ ]Meiburg, Stan 

Mclerran, Dennis 

Subject: RE: 10 water quality matter 

From: Fritz, Matthew 
Sent: Friday, January 22,2016 1:14PM 
To : (~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-"~~I)S~-~r_e~~~T~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~J e i burg , 
Stan Beauvais, Joel 

Mclerran, Dennis 

Subject: 10 water quality matter 

Good afternoon everyone, 

FYI - below is information Dennis just sent to me concerning a PFOS issue 
in Washington state. The article actually references the actions Hoosick 
Falls, NY is taking on a similar matter (Judith's briefing earlier this week). I 
understand that the region is connecting with OPA on this, as well. 
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Issaquah followed EPA rules when reporting results from contaminated 
well 

Issaquah Press- Jan. 21, 2016 --Scott Stoddard 

The Environmental Protection Agency said this week that the City of 
Issaquah was not required to tell its water users that a potentially hazardous 
chemical detected in a city well in 2013, 2014 and 2015 significantly 
exceeded the EPA's provisional health advisory level. 

Perfluorooctane sulfonate, known by its abbreviation PFOS, has been found 
in water from Gilman Well No.4 at levels that are at least twice the EPA's 
provisional health advisory level since the city started testing for the 
contaminant in 2013. Water from Gilman Well No.4 is always blended with 
at least one other well before it reaches the public, according to the city, 
which results in an at-the-tap PFOS level that is below the EPA's provisional 
health advisory level. Issaquah's tap water has always met all federal safety 
standards, the city said. 

In 2013, PFOS was found in Gilman Well No.4 at a level three times the 
EPA's provisional health advisory level of 0.2 parts per billion. In its 2013 
Water Quality Report, the city reported that reading- stating a detection 
range ofless than 0.04 parts per billion to 0.6 parts per billion- in a 
secondary table titled "Other Substances (Lower Issaquah Valley Aquifer: 
(Wells 1,2,4,5- Talus- Issaquah Highlands))." 

According to a statement from the EPA's Seattle office, "For contaminants 
such as PFOS, water systems are required to report the average and range at 
which PFOS is detected. Water systems may include a brief explanation of 
the reasons for monitoring for unregulated contaminants but they are not 
required to provide information regarding PFOS health effects or health 
advisory levels." 

In the city's 2014 Water Quality Report, there was no mention ofPFOS. A 
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secondary table similar to the 2013 version was, in 2014, renamed 
"Unregulated Contaminant Monitoring Regulation 3 (UCMR3), Lower 
Issaquah Valley Aquifer." According to a statement from the city earlier this 
week, "test results showed non-detects in 2014." 

However, the city said in the statement that it "was recently made aware ... 
that the third-party testing lab made an error, and detections were actually 
found in 2014. Once we saw a pattern in the data, the city immediately 
started working with the state Department of Health, conducted more tests 
and hired an independent expert to study our system." 

The city contracted with Edge Analytical Laboratories in Burlington for its 
2014 water quality tests, and Edge subcontracted with Anatek Labs of 
Moscow, Idaho, to perform the EPA-accredited test for perfluorinated 
chemicals, which is a family of manmade contaminants that includes PFOS. 

According to Lawrence Henderson, an owner and the director of laboratories 
at Edge, Anatek did not make an error when testing for PFOS and other 
perfluorinated chemicals. That mistake occurred at Edge as it prepared the 
results to be delivered to the city. "One of our staff got the report from the 
subcontractor and incorrectly entered them into the report as a nondetect," 
Henderson said. Meanwhile, Anatek entered the correct results directly into 
an EPA database, and that's how the discrepancy was eventually discovered. 

The city then appended its 2014 Water Quality Report online to include the 
readings of PFOS. From the time of that update until last week, the city's 
water quality webpage reported the 2014 PFOS detection levels for Gilman 
Well No. 4 as an "amount detected" of 0.514 parts per billion and a low-to
high range of no detection to 0.514. Similarly to 2013, there was no mention 
that the reading exceeded the EPA's provisional health advisory level for 
PFOS, and the EPA said the city wasn't required to provide that information 
to the public. 

Regarding the data's lack of context in Issaquah's 2013 and 2014 reports, 
Bob James, the regional manager for the Northwest region of the state 
Department of Health's Office of Drinking Water, called it an "opportunity 
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lost." James added: "My hope is that they'll take full advantage in the next 
CCR (consumer confidence report) to explain what the information is." 

Last week, after the city's water system fell under public scrutiny following 
its inclusion in a Jan. 6 New York Times Magazine story as one of 94 
systems nationwide that contained perfluorinated chemicals, the city updated 
its water quality page online to include readings for PFOS and a similar 
contaminant, PFOA, from 2013, 2014 and 2015. 

More importantly for consumers, it added the EPA provisional health 
advisory level to give meaning to those PFOS and PFOA numbers. The 
EPA's provisional health advisory levels for PFOS and PFOA were 
established in January 2009. In the words of the agency, provisional health 
advisory levels "reflect reasonable, health-based hazard concentrations 
above which action should be taken to reduce exposure to unregulated 
contaminants in drinking water." 

Although the EPA considers its provisional health advisory levels non
regulatory, the agency did step in last month in Hoosick Falls, N.Y., telling 
residents to not drink the city's tap water because ofPFOA readings that 
were roughly 50 percent higher than the agency's advisory level. 

On the City oflssaquah's website, a statement posted last week said, in part: 
"Issaquah meets all standards set for safe drinking water. "Along with 
required tests, Issaquah participates in the Environmental Protection 
Agency's (EPA) unregulated monitoring program by performing additional 
tests on our drinking water. During that testing, detections of PFCs were 
found in one of our four wells. "The water at the tap, however, is blended 
from more than one well. "Additional testing conducted in 2015- this time 
of the blended water- found no detection of PFOA (the substance featured 
in the New York Times Magazine article) and less than half the level of 
PFOS set by the EPA as a 'provisional health advisory value.'" The 
statement also noted that the city is "hiring independent experts, who will 
assess our system and recommend some potential next steps." 

According to the city, water from Gilman Well No.4 is always blended with 
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water from at least one of the city's other three groundwater wells. The city 
said it also purchases water from the Cascade Water Alliance. The city said 
the Talus, Lakemont and Montreux neighborhoods receive water that 
Issaquah purchases from Cascade Water Alliance. Issaquah Highlands 
receives a blend oflssaquah's well water and the purchased Cascade Water 
Alliance water, according to the city. All other customers receive a blend of 
the city's well water, the city said. 

Of the dozens of water systems in the state that participated in the EPA's 
testing program for "emerging contaminants" in 2013 and 2014, Issaquah's 
system was the only one to show signs ofPFOS. 

According to a 2014 EPA document about PFOS, "In most animal studies 
with PFOS, short-term and chronic exposure resulted in an increase in liver 
weight as at least one of the critical effects. Co-occurring effects in these 
studies included decreased cholesterol, lower body weight, liver 
histopathology, and developmental toxicity." The chemical's effects on 
human health require more research, the agency says. 
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To: Southerland, Elizabeth[Southerland.Eiizabeth@epa.gov]; Behl, Betsy[Behi.Betsy@epa.gov]; 
Strong, Jamie[Strong.Jamie@epa.gov]; Donohue, Joyce[Donohue.Joyce@epa.gov]; Grevatt, 
Peter[Grevatt. Peter@epa .gov] 
From: Beauvais, Joel 
Sent: Fri 1/22/2016 9:20:26 PM 
Subject: RE: 10 water quality matter 

From: Southerland, Elizabeth 
Sent: Friday, January 22, 2016 4:19PM 
To: Behl, Betsy <Behi.Betsy@epa.gov>; Strong, Jamie <Strong.Jamie@epa.gov>; Donohue, 
Joyce <Donohue.Joyce@epa.gov>; Beauvais, Joel <Beauvais.Joel@epa.gov>; Grevatt, Peter 
<Grevatt.Peter@epa.gov> 
Subject: Fwd: 10 water quality matter 

Deliberative Process I Ex. 5 
Sent from my iPhone 

Begin forwarded message: 

From: "McLerran, Dennis" 
Date: January 22,2016 at 4:10:30 PM EST 
To: "Southerland, Elizabeth" 
Subject: RE: 10 water quality matter 

From: Southerland, Elizabeth 
Sent: Friday, January 22, 2016 1:00PM 
To: Mclerran, Dennis <!!rr1c:::'~"'~1"'~'rh~~~~~~~~~· 
Subject: Re: 10 water quality matter 
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Dan and I have talked. I will keep checking email to see if you need any more help from 
me. 

Sent from my iPhone 

On Jan 22,2016, at 2:00PM, McLerran, Dennis wrote: 

Betsy: 

Dan Opalski will be our lead substantively and Marianne Holsman and Suzanne 
Skadowski are our Public Affairs leads. I am talking with the three of them at 11:30 
Pacific. 

Dennis 

Sent from my EPA iPhone 

On Jan 22, 2016, at 10:46 AM, Southerland, Elizabeth 
wrote: 

Will do! Dennis, send me your point of contact on this issue so we can talk. 

Sent from my iPhone 

On Jan 22, 2016, at 1:35PM, Beauvais, Joel wrote: 

From: Beauvais, Joel 
Sent: Friday, January 22, 2016 1:32 PM 
To: Fritz, Matthew Adm13McCarthy, Gina 
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Mclerran, Dennis 

Subject: RE: 10 water quality matter 

From: Fritz, Matthew 
SenLEci_g_~Yl.).9..!1lJ.9JY..2~l.-~.Q_HLtJ.4.J?.M_. ___________________________________________________ _ 
To: i Personal Address I Ex. 6 jMeiburg, 
stan-·-<MeH)iir~rstan.@i:ip-<i.-g"Ov>;·Beau\lars·;·Joer<Heauvars:Joel@epa. gov> 
Cc: Purchia, Liz Mclerran, Dennis 

Subject: 10 water quality matter 

Good afternoon everyone, 

FYI - below is information Dennis just sent to me concerning a PFOS issue 
in Washington state. The article actually references the actions Hoosick 
Falls, NY is taking on a similar matter (Judith's briefing earlier this week). I 
understand that the region is connecting with OPA on this, as well. 
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Issaquah followed EPA rules when reporting results from contaminated 
well 

Issaquah Press- Jan. 21, 2016 --Scott Stoddard 

The Environmental Protection Agency said this week that the City of 
Issaquah was not required to tell its water users that a potentially hazardous 
chemical detected in a city well in 2013, 2014 and 2015 significantly 
exceeded the EPA's provisional health advisory level. 

Perfluorooctane sulfonate, known by its abbreviation PFOS, has been found 
in water from Gilman Well No.4 at levels that are at least twice the EPA's 
provisional health advisory level since the city started testing for the 
contaminant in 2013. Water from Gilman Well No.4 is always blended with 
at least one other well before it reaches the public, according to the city, 
which results in an at-the-tap PFOS level that is below the EPA's provisional 
health advisory level. Issaquah's tap water has always met all federal safety 
standards, the city said. 

In 2013, PFOS was found in Gilman Well No.4 at a level three times the 
EPA's provisional health advisory level of 0.2 parts per billion. In its 2013 
Water Quality Report, the city reported that reading- stating a detection 
range ofless than 0.04 parts per billion to 0.6 parts per billion- in a 
secondary table titled "Other Substances (Lower Issaquah Valley Aquifer: 
(Wells 1,2,4,5- Talus- Issaquah Highlands))." 

According to a statement from the EPA's Seattle office, "For contaminants 
such as PFOS, water systems are required to report the average and range at 
which PFOS is detected. Water systems may include a brief explanation of 
the reasons for monitoring for unregulated contaminants but they are not 
required to provide information regarding PFOS health effects or health 
advisory levels." 

In the city's 2014 Water Quality Report, there was no mention ofPFOS. A 
secondary table similar to the 2013 version was, in 2014, renamed 
"Unregulated Contaminant Monitoring Regulation 3 (UCMR3), Lower 
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Issaquah Valley Aquifer." According to a statement from the city earlier this 
week, "test results showed non-detects in 2014." 

However, the city said in the statement that it "was recently made aware ... 
that the third-party testing lab made an error, and detections were actually 
found in 2014. Once we saw a pattern in the data, the city immediately 
started working with the state Department of Health, conducted more tests 
and hired an independent expert to study our system." 

The city contracted with Edge Analytical Laboratories in Burlington for its 
2014 water quality tests, and Edge subcontracted with Anatek Labs of 
Moscow, Idaho, to perform the EPA-accredited test for perfluorinated 
chemicals, which is a family of manmade contaminants that includes PFOS. 

According to Lawrence Henderson, an owner and the director of laboratories 
at Edge, Anatek did not make an error when testing for PFOS and other 
perfluorinated chemicals. That mistake occurred at Edge as it prepared the 
results to be delivered to the city. "One of our staff got the report from the 
subcontractor and incorrectly entered them into the report as a nondetect," 
Henderson said. Meanwhile, Anatek entered the correct results directly into 
an EPA database, and that's how the discrepancy was eventually discovered. 

The city then appended its 2014 Water Quality Report online to include the 
readings of PFOS. From the time of that update until last week, the city's 
water quality webpage reported the 2014 PFOS detection levels for Gilman 
Well No. 4 as an "amount detected" of 0.514 parts per billion and a low-to
high range of no detection to 0.514. Similarly to 2013, there was no mention 
that the reading exceeded the EPA's provisional health advisory level for 
PFOS, and the EPA said the city wasn't required to provide that information 
to the public. 

Regarding the data's lack of context in Issaquah's 2013 and 2014 reports, 
Bob James, the regional manager for the Northwest region of the state 
Department of Health's Office of Drinking Water, called it an "opportunity 
lost." James added: "My hope is that they'll take full advantage in the next 
CCR (consumer confidence report) to explain what the information is." 
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Last week, after the city's water system fell under public scrutiny following 
its inclusion in a Jan. 6 New York Times Magazine story as one of 94 
systems nationwide that contained perfluorinated chemicals, the city updated 
its water quality page online to include readings for PFOS and a similar 
contaminant, PFOA, from 2013, 2014 and 2015. 

More importantly for consumers, it added the EPA provisional health 
advisory level to give meaning to those PFOS and PFOA numbers. The 
EPA's provisional health advisory levels for PFOS and PFOA were 
established in January 2009. In the words of the agency, provisional health 
advisory levels "reflect reasonable, health-based hazard concentrations 
above which action should be taken to reduce exposure to unregulated 
contaminants in drinking water." 

Although the EPA considers its provisional health advisory levels non
regulatory, the agency did step in last month in Hoosick Falls, N.Y., telling 
residents to not drink the city's tap water because ofPFOA readings that 
were roughly 50 percent higher than the agency's advisory level. 

On the City oflssaquah's website, a statement posted last week said, in part: 
"Issaquah meets all standards set for safe drinking water. "Along with 
required tests, Issaquah participates in the Environmental Protection 
Agency's (EPA) unregulated monitoring program by performing additional 
tests on our drinking water. During that testing, detections of PFCs were 
found in one of our four wells. "The water at the tap, however, is blended 
from more than one well. "Additional testing conducted in 2015- this time 
of the blended water- found no detection of PFOA (the substance featured 
in the New York Times Magazine article) and less than half the level of 
PFOS set by the EPA as a 'provisional health advisory value.'" The 
statement also noted that the city is "hiring independent experts, who will 
assess our system and recommend some potential next steps." 

According to the city, water from Gilman Well No.4 is always blended with 
water from at least one of the city's other three groundwater wells. The city 
said it also purchases water from the Cascade Water Alliance. The city said 
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the Talus, Lakemont and Montreux neighborhoods receive water that 
Issaquah purchases from Cascade Water Alliance. Issaquah Highlands 
receives a blend oflssaquah's well water and the purchased Cascade Water 
Alliance water, according to the city. All other customers receive a blend of 
the city's well water, the city said. 

Of the dozens of water systems in the state that participated in the EPA's 
testing program for "emerging contaminants" in 2013 and 2014, Issaquah's 
system was the only one to show signs ofPFOS. 

According to a 2014 EPA document about PFOS, "In most animal studies 
with PFOS, short-term and chronic exposure resulted in an increase in liver 
weight as at least one of the critical effects. Co-occurring effects in these 
studies included decreased cholesterol, lower body weight, liver 
histopathology, and developmental toxicity." The chemical's effects on 
human health require more research, the agency says. 
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To: Behl, Betsy[Behi.Betsy@epa.gov]; Strong, Jamie[Strong.Jamie@epa.gov]; Donohue, 
Joyce[Donohue.Joyce@epa.gov]; Beauvais, Joei[Beauvais.Joel@epa.gov]; Grevatt, 
Peter[Grevatt. Peter@epa .gov] 
From: Southerland, Elizabeth 
Sent: Fri 1/22/2016 9:19:01 PM 
Subject: Fwd: 10 water quality matter 

Deliberative Process I Ex. 5 
Sent from my iPhone 

Begin forwarded message: 

From: "McLerran, Dennis" 
Date: January 22,2016 at 4:10:30 PM EST 
To: "Southerland, Elizabeth" 
Subject: RE: 10 water quality matter 

From: Southerland, Elizabeth 
Sent: Friday, January 22, 2016 1:00 PM 
To: Mclerran, Dennis 
Subject: Re: 10 water quality matter 

Dan and I have talked. I will keep checking email to see if you need any more help from 
me. 

Sent from my iPhone 

On Jan 22,2016, at 2:00PM, McLerran, Dennis wrote: 

Betsy: 
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Dan Opalski will be our lead substantively and Marianne Holsman and Suzanne 
Skadowski are our Public Affairs leads. I am talking with the three of them at 11:30 
Pacific. 

Dennis 

Sent from my EPA iPhone 

On Jan 22, 2016, at 10:46 AM, Southerland, Elizabeth 
wrote: 

Will do! Dennis, send me your point of contact on this issue so we can talk. 

Sent from my iPhone 

On Jan 22, 2016, at 1:35PM, Beauvais, Joel wrote: 

From: Beauvais, Joel 
Sent: Friday, January 22, 2016 1:32 PM 
_ _TQ.:_.fci.!?.LM§.!t_~§!Y.Y_::Fritz.Matthew@epa.gov>; Adm13McCarthy, Gina 
i Personal Address I Ex. 6 ~eiburg, Stan 
'·<Mell5Urt;fSli~:fn@-eH5a)joV>·-·-·-·-·-·-·-·-·-·-·-·' 

Cc: Purchia, Liz Mclerran, Dennis 

Subject: RE: 10 water quality matter 
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From: Fritz, Matthew 
Sent: Friday, January 22,2016 1:14PM 
To: [~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~~~~~~~~~~~~~~~~~~~~~~i~~~I~~~=~~.~~~~~~~~.~~~~.~~~~~.=.~.~~~~~~~~)A ei burg, 
Stan Beauvais, Joel 

Mclerran, Dennis 

Subject: 10 water quality matter 

Good afternoon everyone, 

FYI - below is information Dennis just sent to me concerning a PFOS issue 
in Washington state. The article actually references the actions Hoosick 
Falls, NY is taking on a similar matter (Judith's briefing earlier this week). I 
understand that the region is connecting with OPA on this, as welL 

Issaquah followed EPA rules when reporting results from contaminated 
well 

Issaquah Press- Jan. 21, 2016 --Scott Stoddard 

The Environmental Protection Agency said this week that the City of 
Issaquah was not required to tell its water users that a potentially hazardous 
chemical detected in a city well in 2013, 2014 and 2015 significantly 
exceeded the EPA's provisional health advisory leveL 
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Perfluorooctane sulfonate, known by its abbreviation PFOS, has been found 
in water from Gilman Well No.4 at levels that are at least twice the EPA's 
provisional health advisory level since the city started testing for the 
contaminant in 2013. Water from Gilman Well No.4 is always blended with 
at least one other well before it reaches the public, according to the city, 
which results in an at-the-tap PFOS level that is below the EPA's provisional 
health advisory level. Issaquah's tap water has always met all federal safety 
standards, the city said. 

In 2013, PFOS was found in Gilman Well No.4 at a level three times the 
EPA's provisional health advisory level of 0.2 parts per billion. In its 2013 
Water Quality Report, the city reported that reading- stating a detection 
range ofless than 0.04 parts per billion to 0.6 parts per billion- in a 
secondary table titled "Other Substances (Lower Issaquah Valley Aquifer: 
(Wells 1,2,4,5- Talus- Issaquah Highlands))." 

According to a statement from the EPA's Seattle office, "For contaminants 
such as PFOS, water systems are required to report the average and range at 
which PFOS is detected. Water systems may include a brief explanation of 
the reasons for monitoring for unregulated contaminants but they are not 
required to provide information regarding PFOS health effects or health 
advisory levels." 

In the city's 2014 Water Quality Report, there was no mention ofPFOS. A 
secondary table similar to the 2013 version was, in 2014, renamed 
"Unregulated Contaminant Monitoring Regulation 3 (UCMR3), Lower 
Issaquah Valley Aquifer." According to a statement from the city earlier this 
week, "test results showed non-detects in 2014." 

However, the city said in the statement that it "was recently made aware ... 
that the third-party testing lab made an error, and detections were actually 
found in 2014. Once we saw a pattern in the data, the city immediately 
started working with the state Department of Health, conducted more tests 
and hired an independent expert to study our system." 
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The city contracted with Edge Analytical Laboratories in Burlington for its 
2014 water quality tests, and Edge subcontracted with Anatek Labs of 
Moscow, Idaho, to perform the EPA-accredited test for perfluorinated 
chemicals, which is a family of manmade contaminants that includes PFOS. 

According to Lawrence Henderson, an owner and the director of laboratories 
at Edge, Anatek did not make an error when testing for PFOS and other 
perfluorinated chemicals. That mistake occurred at Edge as it prepared the 
results to be delivered to the city. "One of our staff got the report from the 
subcontractor and incorrectly entered them into the report as a nondetect," 
Henderson said. Meanwhile, Anatek entered the correct results directly into 
an EPA database, and that's how the discrepancy was eventually discovered. 

The city then appended its 2014 Water Quality Report online to include the 
readings of PFOS. From the time of that update until last week, the city's 
water quality webpage reported the 2014 PFOS detection levels for Gilman 
Well No. 4 as an "amount detected" of 0.514 parts per billion and a low-to
high range of no detection to 0.514. Similarly to 2013, there was no mention 
that the reading exceeded the EPA's provisional health advisory level for 
PFOS, and the EPA said the city wasn't required to provide that information 
to the public. 

Regarding the data's lack of context in Issaquah's 2013 and 2014 reports, 
Bob James, the regional manager for the Northwest region of the state 
Department of Health's Office of Drinking Water, called it an "opportunity 
lost." James added: "My hope is that they'll take full advantage in the next 
CCR (consumer confidence report) to explain what the information is." 

Last week, after the city's water system fell under public scrutiny following 
its inclusion in a Jan. 6 New York Times Magazine story as one of 94 
systems nationwide that contained perfluorinated chemicals, the city updated 
its water quality page online to include readings for PFOS and a similar 
contaminant, PFOA, from 2013, 2014 and 2015. 
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More importantly for consumers, it added the EPA provisional health 
advisory level to give meaning to those PFOS and PFOA numbers. The 
EPA's provisional health advisory levels for PFOS and PFOA were 
established in January 2009. In the words of the agency, provisional health 
advisory levels "reflect reasonable, health-based hazard concentrations 
above which action should be taken to reduce exposure to unregulated 
contaminants in drinking water." 

Although the EPA considers its provisional health advisory levels non
regulatory, the agency did step in last month in Hoosick Falls, N.Y., telling 
residents to not drink the city's tap water because ofPFOA readings that 
were roughly 50 percent higher than the agency's advisory level. 

On the City oflssaquah's website, a statement posted last week said, in part: 
"Issaquah meets all standards set for safe drinking water. "Along with 
required tests, Issaquah participates in the Environmental Protection 
Agency's (EPA) unregulated monitoring program by performing additional 
tests on our drinking water. During that testing, detections of PFCs were 
found in one of our four wells. "The water at the tap, however, is blended 
from more than one well. "Additional testing conducted in 2015- this time 
of the blended water- found no detection of PFOA (the substance featured 
in the New York Times Magazine article) and less than half the level of 
PFOS set by the EPA as a 'provisional health advisory value.'" The 
statement also noted that the city is "hiring independent experts, who will 
assess our system and recommend some potential next steps." 

According to the city, water from Gilman Well No.4 is always blended with 
water from at least one of the city's other three groundwater wells. The city 
said it also purchases water from the Cascade Water Alliance. The city said 
the Talus, Lakemont and Montreux neighborhoods receive water that 
Issaquah purchases from Cascade Water Alliance. Issaquah Highlands 
receives a blend oflssaquah's well water and the purchased Cascade Water 
Alliance water, according to the city. All other customers receive a blend of 
the city's well water, the city said. 

Of the dozens of water systems in the state that participated in the EPA's 
testing program for "emerging contaminants" in 2013 and 2014, Issaquah's 
system was the only one to show signs ofPFOS. 
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According to a 2014 EPA document about PFOS, "In most animal studies 
with PFOS, short-term and chronic exposure resulted in an increase in liver 
weight as at least one of the critical effects. Co-occurring effects in these 
studies included decreased cholesterol, lower body weight, liver 
histopathology, and developmental toxicity." The chemical's effects on 
human health require more research, the agency says. 
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To: 
From: 
Sent: 
Subject: 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Strong, Jamie 
Fri 1/22/2016 7:45:41 PM 
Re: presentation 

Thanks Joyce. Can you still fill in that HA table? I'm having trouble figuring out what 
studies were used in the draft. 

From: Donohue, Joyce 

Sent: Friday, January 22, 2016 1:24 PM 
To: Strong, Jamie 

Subject: presentation 

Dear Jamie: 

Deliberative Process I Ex. 5 

I think I got everything. Let me know if I missed something. I was going back and forth between 
your e-mail and the presentation. 

Joyce 
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To: 
Cc: 
From: 
Sent: 
Subject: 

Joyce, 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Hackett, Edward[hackett.edward@epa.gov] 
Strong, Jamie 
Fri 1/22/2016 3:33:14 PM 
PPT FOR AA BRIEFING-NEED INPUT 

Please take a look at the whole presentation but also specifically the following: 

Slide 3-Add list of PFCs 

Slide 6-Reg Det 4 occurs 2016 until when? 

Slide 8-Look at Regional issues ... add more/why? 

Slide 8-10-0GWDW, USGS an Fed Facilities will have to add 

Slide 15-Add some indication of haz id from human studies (i.e., strong evidence for 
serum lipids?) 

Slide 16-Add C8 panel conclusions 

Slide 17 -Cancer info accurate? 

Slide 18-Accurate? 

Slide 24-Piease check numbers and info and add the info for the 2014 draft HEDs 

Slide 25-Add or edit any info there 

I know you are working to get the HAs to me and Betsy. If you can take an hour to do 
this in between I would appreciate it. That way I can get it to Colleen and Betsy for 
review. 

Thanks, 

Jamie 
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Donohue, Joyce[Donohue.Joyce@epa.gov] 
Wood, Carol S. 
Thur 1/21/2016 7:35:22 PM 
RE: Please send me anything you have on the response to peer review 

From: Donohue, Joyce [mailto:Donohue.Joyce@epa.gov] 
Sent: Thursday, January 21, 2016 2:30 PM 
To: Wood, CarolS. 
Subject: Please send me anything you have on the response to peer review 

ED _000954(915)_Processed_PSTs-2_DD _00004 7 43-00001 



EPA-HQ-2016-005679 06/14/2017 

To: 
From: 
Sent: 
Subject: 

Hi Joyce, 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Hackett, Edward 
Thur 1/21/2016 6:26:28 PM 
PFOS bioaccumulation papers 

Here are the bioaccumulation papers. The Moody, Gewutz, Tomy, and Kannan papers had 
PFOA info in them as well. Do you want me to write the PFOA bioaccumulation section or do 
you want me to send PFOA bioaccumulation papers only? I happy to do either. 

Thanks, 

Ed 

Edward Hackett M.S. 

Toxicologist 

OW &OST 

202-566-0632 
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Environ. Sci. Technol. 2004, 38, 6475-6481 

GREGG T. TOMY,* '' WES BUDAKOWSKI,' 
THOR HALLDORSON,' PAUL A. HELM,' 
GARY A. STERN,' KEN FRIESEN,§ 
KAREN PEPPER,! 
SHERYL A. TITTLEMIER,I AND 
AARON T. FISKJ. 

Department of Fisheries & Ooeans Canada, 501 University 
Crescent, Winnipeg, Manitoba R3T 2N6, Canada, 
Department of Chemistry, University of Manitoba, 
Winnipeg, Manitoba R3T 2N2, Canada, Department of 
Chemistry, University of Winnipeg, 
Winnipeg, Manitoba R3B 2E9, Canada, Food Research 
Division, Health Products and Food Branch, 
Health Canada, Ottawa, Ontario K1A OL2, Canada, and 
Warnell School of Forest Resources, University of Georgia, 
Athens, Georgia 30602 

An eastern Arctic marine food web was analyzed for 
perfluorooctanesulfonate (PFOS, Qf179J.3- ), perfluorooc
tanoate (PFOA, C-f"1~- ), perfluorooctane sulfonamide 
(PFOSA, Ofr7s:::>.zNHz), and N-ethylperfluorooctane 
sulfonamide (N-EtPFOSA, Of179:).zNHCHP13) to examine 
the extent of bioaccumulation. PFOS was detected in all 
species analyzed, and mean concentrations ranged 
from 028 ( 0.00 ng/g (arithmetic mean ( 1 standard 
error, wet wt, whole body) in clams (Mya truncata) to 202 
( 3.9 ng/g (wet wt, liver) in glaucous gulls (Larus 
hyperboreus). PFOA was detected in approximately 4CWo 
of the samples analyzed at concentrations generally smaller 
than those found for PFOS; the greatest concentrations 
were observed in zooplankton (2.6 ( 0.3 ng/g, wet wt). 
N-EtPFOSA was detected in all species except redfish with 
mean concentrations ranging from 0.39 ( 0.07 ng/g (wet 
wt)inmixedzooplanktonto92.8 ( 41.9ng/g(wetwt)inArctic 
cod (Boreogadus saida). This is the first report of 
N-EtPFOSA in Arctic biota. PFOSA was only detected in 
livers of beluga (Delphinapterus leucas) (20.9 ( 7.9 ng/g, wet 
wt) and narwhal (Monodon monoceros) (62 ( 2.3 ng/g, 
wet wt), suggesting that N-EtPFOSA and other PFOSA-type 
precursors are likely present but are being biotransformed 
to PFOSA. A positive linear relationship was found 
between PFOS concentrations (wet wt) and trophic level 
(TL), based on a15N values, (r2 ) 0.51, p < 0.0001) resulting 
in a trophic magnification factor of 3.1. ll-corrected 
biomagnification factor estimates for PFOS ranged from 
0.4 to 9. Both results indicate that PFOS biomagnifies in the 
Arctic marine food web when liver concentrations of 
PFOS are used for seabirds and marine mammals. However, 
transformation of N-EtPFOSA and PFOSA and potential 
other perfluorinated compounds to PFOS may contribute 

* Correspondingauthortelephone: (204)983-5167;fax: (204)984-
2403; e-mail: tomyg@dfo-mpo.gc.ca. 

' Department of Fisheries & Oceans Canada. 
'University of Manitoba. 
§University of Winnipeg. 
I Health Canada. 
J. University of Georgia. 
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to PFOS levels in marine mammals and may inflate 
estimated biomagnification values. None of the other 
fluorinated compounds (N-EtPFOSA, PFOSA, and PFOA) 
were found to have a significant relationship with ll, but 
BMFn_ values of these compounds were often > 1, 
suggesting potential for these compounds to biomagnify. 
The presence of perfluorinated compounds in seabirds and 
mammals provides evidence that trophic transfer is an 
important exposure route of these chemicals to Arctic biota. 

lntn:xtdial 
Fluorinated organic compounds constitute a diverse group 
ofchem icalsthatare used i navarietyofspecial izedconsu mer 
and industrial products. They are used as refrigerants, 
agrochem icals,chem ical catalysts/ reagen ts,an dsu rfactan ts 
and in fi re-fighti ngfoams( 1).The perf I u ori natedacids(PFAs) 
are the group of fluorinated organic compounds that have 
attracted most of the interest, and of these, perfluorooctane 
sulfonate (PFOS, CsF17S03-) and perfluorooctanoate (PFOA, 
C7F1sCOO-) have received the most attention. 

The key ingredient in the 3M-made fabric protector 
Scotchgard isaneutral polymericcom poundcontai n i ngthe 
PFOS base structure (CsF17S02), which has been valued for 
its ability to protect materials from stains because it repels 
both oil and water. Unlike PFOS, PFOAcontinues to be used 
today in the synthesis of fluoropolymers. The U.S. Environ
mental Protection Agency and Health Canada are currently 
performing risk assessments on PFOA and related com
pounds. Results of these are sure to raise public interest and 
questions about the safety of Teflon (and PFOA) and other 
fluoropolymers that rely on PFOA in their synthesis. 

Much of the recent interest in PFAs can be attributed to 
theu b iq u i touspresenceofPFOSand PFOAi nenvi ron mental 
media. Both compounds have been detected in human sera 
(2),freshwaterandmarinebiota( 3- 6),andsurfacewater( 7, 
B).Theun iq uechem icaland biologicalstabi lityofPFOSand 
PFOA appears to preclude any degradation or metabolism 
and contributes to their bioaccumulation and persistence 
(9, 10). 

A recent study by Van de Vijver et al. (11) found a positive 
linear relationship between PFOSconcentration in livers of 
harbor porpoises and nitrogen stable isotopes. However, 
because only top predators were examined in that study, 
biomagnification through the food web could not be 
determined. 

To our knowledge, no attempts have been made to 
examine the extent of accumulation and transfer of PFAs in 
anaq uaticfoodweb. Theobjectiveofth isstu dy istoadd ress 
this knowledge gap by examining PFOS and PFOA concen
trations in an Arctic food web from eastern Canada. Stable 
isotopes of nitrogen were also used to assess the transfer of 
PFOS within the food web. The distribution of two neutrai
PFOS precursors (12), N-ethylperfluorooctane sulfonamide 
(N-EtPFOSA, C8F17S02NHCH2CH3) and perflurooctane sul
fonamide (PFOSA, CsF17S02NH2), in this food web was also 
examined. 

Standards and Reagents. PFOA, the tetraethylammonium 
salt of PFOS, perfluorobutane sulfonate (PFBS), tetrabutyl
ammonium (TBA) hydrogen sulfate, sodium hydroxide, and 
sod i u mcarbonatewereobtai ned fro mSigma-Aid rich Canada 
Ltd. (Oakville, ON, Canada). N-EtPFOSA (85% purity) was 
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purchasedfrom I nterchim(Montlucon,France),and methyl 
perfluorotetradecanoate (MePFTeD) and methyl perfluoro
decanoate (MePFD) were purchased from SynQuest Labo
ratories (Alachua, FL). PFOSA was provided by Griffin LLC. 
Opti magrade methan o I an dwateran d reagentgrade methyl 
tert-butyl ether (MTBE) were purchased from Caledon 
Laboratories Ltd. (Georgetown, ON, Canada). 

Fluori natedorgan iccompoundswereanalyzed in I ivertissues 
ofbelugawhale( Delphinapterus/eucas),narwhal( Monodon 
monoceros),walrus( Odobenusrosmarus),deepwaterredfish 
(Sebastes men tel/a), glaucous gulls (Larus hyperboreus), and 
black-legged kittiwake (Rissa tridactyla). Whole organism 
homogenates of Arctic cod (Boreogadus saida), shrimp 
(Panda/us borealis; Hymenodora glacialis), clams (Mya 
truncate; Serripesgroenlandica ),and m ixedzooplanktonwere 
analyzed. Mammal samples were obtained through the 
Department of Fisheries and Oceans collection programs as 
part of subsistence hunts and sponsored by the Nunavut 
Wild I ife Managemen tBoard .Seab i rdswerecollected as part 
of the Northwater Polyna study (13). Archived mammal 
tissueswerecollected from Frob isherBaynear I qal u it(bel uga; 
1996), fro mCape Dorset(wal rus; 1998),an d from GriseFi ord 
(narwhai;2000).Bel uga(aged 3.5 - 10.5yr)and narwhal were 
all males, whilewalrussamplesconsisted of both sexes. Fish 
and shrimp were collected from Davis Strait in October of 
2000 and 2001 by trawling from the Greenland Institute of 
Natural Resources R/V Paamiut. Arctic cod were young of 
the year and 2 years of age, and deepwater redfish ranged 
in age from 4 to 7 yr. Clams and zooplankton sam pies were 
collected from Frobisher Bay in May 2002. Zooplankton 
samples consisted of bulk sieved mixed species (predomi
nantly copepods with 5th stage Calanus hyperboreus re
moved) collected using 350 and 500 fm mesh nets. Clams 
were collected by a diver. 

Extraction and Analyses of PFOS and PFOA. Extraction 
of PFOS and PFOA from samples was done in a manner 
simi Jar to that described by Hansen et al. ( 14) with small 
modifications. Prior to extraction, samples and blanks were 
spiked with 500 pg (5 fL of a 100 pg/ fL solution) of the 
recovery internal standard (RIS), PFBS, to monitor recovery 
efficiencies. PFOS and PFOA concentrations were recovery 
corrected based on the recovery of PFBS. PFBS was used as 
aRISbecause it hasthesamefu ncti onalgrou psasPFOSand 
was not present at detectable concentrations in solvent 
blanks. It is likely that PFBS is not an ideal surrogate for 
PFOA since it contains a shorter perfluoroalkyl chain as 
compared to the perfluorooctyl chain in PFOA, and this 
structural difference may affect recovery efficiencies. While 
perfluorononanoicacid (PFNA) or a similar compound with 
a larger perfluorinated chain would better approximate the 
behavior of PFOS and PFOA than PFBS, the presence of this 
and other perfluorinated acids in the samples led us to use 
PFBS as the RIS. 

Extracts were chromatographed on a Supelcosil Cs 
analytical column (5.0cm ffi2.1 mm i.d., 5 fm particle size; 
Su pel co, Oakvi lie, ON, Canada). The analytical and C8 guard 
columns (Phenomenex, USA) were installed on an Agilent 
1100 series HPLC system (Agilent Technologies, Palo Alto, 
CA) equipped with a vacuum degasser, binary pump, and 
autosampler. The mobile phase system used consisted of 
water (A) and methanol (B), both of which contained 2m M 
ammonium acetate. Flow rate was 300 fllmin, and the 
injection volume was 3 fl. The gradient employed started 
at 20% B increasing to 95% Bin 9.5 min and held for 2 min. 
Thereafter the mobile phase composition was returned to 
starting conditions in 5 min. The column was allowed to 
equilibrate for 5 min between runs. 
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Analyses were performed with a Sciex API 2000 triple 
q uadru polemassspectrometer( M DSSciex, On tari o,Canada) 
in the negative ion ES mode using multiple reaction 
mon itoring.Theopti m ized parameterswereionsprayvoltage, 
-1200 V; curtain gas flow, 15.00 arbitrary units (au); sheath 
gas flow, 30.00 au; turbo gas flow, 35.00 au; temperature 525 
oc; focusing potential, -360 V; and collision-assisted dis
sociation gas flow, 8 au. The reactions monitored and the 
correspond i ngi on ki neticenergy(KE)wereasfoll ows: PFBS, 
299 f 80 (KE ) - 51.00 eV), 299 f 99 (KE ) - 37 eV); PFOS, 
499 f BO(KE) -80eV),499 f 99(KE) -63eV);PFOA,413 
f 369(KE) -9eV),413 f 169(KE) -26eV).Italicized ion 

transitions were used in the quantitation while the other 
transitions were used for confirmation. 

StandardssolutionsofPFOSandPFOAinmethanolwere 
runwithevery10 - 15samples.Afive-pointcalibrationcurve 
spanning concentrations from 10 to 300 pg/ fL was used to 
quantify target analytes. 

Extraction and Analysis of N-EtPFOSA and PFOSA. 
Extractionof N-EtPFOSAandPFOSAfromsampleswasdone 
according to the method described by Tittlemier et al. (15). 
In brief, approximately 5 g of sample was spiked with 5000 
pg of the RIS, MePFTeD (10 fL of a 500 pg/ fL solution), 
homogenized and extracted using hexane:acetone (2:1 v/v). 
Lipids were removed from the organic extract using con
centrated sulfuric acid. Residual material from the lipid 
destructionstepwasremoved bychromatographyonasi I ica 
gel column containing both neutral and acidic (40% H2S04 

byweight)silicagel. MePFD instrument performance IS(5000 
pg) was added to samples just prior to analysis by gas 
chromatography/positive chemical ionization/mass spec
trometry in the selected ion monitoring mode. Analyses of 
samples, extraction blanks (run with each set of samples), 
and external standards were made on an Agilent 6890 GC 
coupled to a 5973N mass spectrometer. 

Quality Control. The inherent problems associated with 
quantifying fluorinated organic compounds by LC/MS/MS 
i nenvi ron mental sam pies, i ncl ud i ng high backgrou ndsignals 
of PFOA from injections of solvent (typically methanol and 
water), potential carryover between injections, and lack of 
ap propriateisotop ically labeled IShasbeen well-documented 
in the literature (6). Two types of blanks were employed in 
this study. Instrument blanks were injections of methanol 
run after every two samples and were used to monitor PFOA 
and PFOS contamination from the LC/MS/MS instrument. 
Extraction (or method) blanks consisted of Optima grade 
water and were extracted along with each sample species. 
Extraction blanks were used to monitor the potential for 
con tam i nationtooccu rduri ngextractionandworku pofthe 
sample. 

In general, PFOA signals were similar between the 
instrument and method blanks, suggesting that sample 
contamination during extraction and workup was probably 
less important than from the instrument itself. The back
ground signal of PFOA could be reduced appreciably (10ff9 
by reducing the column equilibration time between sample 
i njecti o ns.l tap pearsthatPFOAiscon tin uallyleach i ngfro m 
thei n nerpartsofthe HPLCsystem and co ncentrati ngo n the 
head of the analytical column. A similar finding was made 
by Martinet al. (6). For PFOS, extraction blanks always had 
higher signals than instrument blanks, suggesting that 
contamination during extraction and workup was more 
significant. 

In addition tospikingeverysamplewith PFBS, a test was 
done to check the recoveries of PFOS, PFOA, and PFBS by 
spiking a known amount of each into Optima grade water 
(n ) 4)andextractingaccordingtoHansenetal.( 14).Average 
PFOS, PFOA, and PFBS recoveries were 93 ( 7 [arithmetic 
mean ( 1 standard error (SE)], 104 ( 6, and 78 ( 3%, 
respectively. 
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PFOS and PFOA concentrations in samples were blank 
corrected by subtracting the signal from extraction blanks 
(one for each sample species) from the sample signals. 
Average recoveries of PFBS were 101 ( 4% (see table in 
Supporting Information). Samples were corrected for re
coveries of PFBS only when recoveries were less than 100%. 
D up I icateanalyseswere performed onArcticcod to measure 
the repeatability of the method. In addition, after every 10-
15sam pies, theLC/ MS/ MSsystemwasri nsedwith methanol 
containing 75 mM ammonium acetate for several hours. 

For N-EtPFOSAandPFOSA,onemethodblank(consisting 
of 5 mL of Milli-Q water) was extracted and worked up 
concurrently with each set of 12 samples. Concentrations of 
N-EtPFOSA and PFOSA in samples were blank corrected by 
subtracting the signal of the method blank from the sample 
signals. Average MePFTeD recoveries were 69 ( 2%, and all 
samples were recovery corrected. 

Method Detection Limits (MDLs). Known amounts of 
PFOS and PFOA were spiked into extracts of clams (n ) 4) 
that were previously analyzed and found to have nonde
tectable concentrations of PFOS and PFOA (i.e., response of 
PFOS and PFOA were not above the response from the 
extraction blanks). Five separate injections of the spiked 
extracts were then made. The ion signals obtained for both 
PFOS and PFOA were then adjusted to estimate concentra
tions that would give a signal-to-noise ratio of 3:1. In this 
manner, MDLs ofPFOSand PFOA were estimated to be 0.06 
and 0.2 ng/g, respectively. For calculation of mean concen
trations, a concentration of half of the M DLs was assumed 
in those instances that PFOS and PFOA were below MDLs. 
MDLsfor N-EtPFOSAandPFOSAweredeterminedaccording 
to Winefordner and Long (16). Respective MDLs for N
EtPFOSA and PFOSA were 0.57 and 0.035 ng/g. 

LC/MS/MS Matrix Effects. Extracts of clam (n ) 5) that 
were previously analyzed and found to have non detectable 
concentrationsofPFOSandPFOAwerespikedwithaccurate 
amounts of PFOSand PFOA to give concentrations of 10, 20, 
30,50,and 1 OOpg/ fl. I njectionsweremadeeach ti mePFOS 
and PFOA had been added to the extract. Separate to this, 
ani njection ofamethanolsol utionwasmadethatcontai ned 
the same concentrations of PFOS and PFOA that had been 
spiked into the clam extract. The ion signals of PFOS and 
PFOA from the spiked clam extracts were then compared to 
the signals obtained from the standard methanol solution. 

Stable Isotope Determination. Prior to stable isotope 
analyses, all tissue sam pies were washed in d isti lied water 
and then freeze-dried, powdered, and treated with a 2:1 (by 
volume) chloroform:methanol solution to remove lipids. 
Stable-carbon and nitrogen isotope assays were performed 
on i 1 mg subsamples of homogenized materials by loading 
into tin cups and combusting at 1800 oc in a Robo-Prep 
elemental analyzer. Resultant C02 and N2 gases were then 
analyzed using an interfaced Europa 20:20 continuous-flow 
isotope ratio mass spectrometer (CFIRMS) with every 5 
u n kn ownsseparated by21 ab oratorystan dards.Stab I e isotope 
abundances were expressed in a notation as the deviation 
from standards in parts per thousand (%)according to the 
following equation: 

aX) [(R.ample/R.tanctarct)- 1] ffi1000 (1) 

where X is 13C o r15N and R is the corresponding ratio 13C/12C 
or 15N/14N. The Rstandard values were based on the PeeDee 
Belemnite (PDB) for 13C and atmospheric N2 (AIR) for 15N. 
Replicate measurements of internal laboratory standards 
(albumen)indicatemeasurementerrorsof ( 0.3% forstable
nitrogen isotope measurements. 

Food Web and Biomagnification Factor Calculations. 
Two measures of trophic transfer were calculated for PFOS 
in the studied food web. The first determined trophic 

magnification factors (TMFs) for the entire food web based 
on the relationship between a15 N and contaminant con
centration: 

In PFOS concentration (wet wt) ) 
a + (b ffitrophic level) (2) 

Trophic levels (TLs) were determined using equations 
modified slightly from those reported in Fisk et al. (13). 
Trophic level was determined relative to the clam, which we 
assumed occupied trophic level2 (i.e., primary herbivore). 
Foreach i nd ivid ualsam pleofzooplan kton, fish,and marine 
mammal, trophic level was determining using the relation
ship: 

where TL,o,cmec is the trophic level of the organism, a15Nclam 
isequalto7.99 ( 0.93(mean ( 1SE, a15Nfor C.hyperboreus), 
an d3.8isthe isotop icen rich mentfactor( 17).Captive-reari ng 
studies on birds suggest that a diet- tissue isotopic frac
tionation factor of +2.4% is appropriate for these taxa (18). 
Following the derivation outlined in Fisk et al. ( 13), we used 
the equation: 

The slope b of eq 1 was used to calculate TMF using: 

TMF ) eb (5) 

TMFs between zero and 1 imply that the chemical is present 
throughout the food web but is not being biomagnified, 
whereas a TMF of> 1 indicates that a chemical is biomag
nifying (13, 19). Negative values indicate that a chemical is 
decreasing in concentration with each step in the food web, 
either because it is not accumulated or readily metabolized 
and eliminated at higher trophic levels. 

Thesecond method determined biomagn ificationfactors 
(BMFTL) for individual species, corrected for trophic level as 
outline in Fisk et al. (13), using: 

BMFTL ) [predator]/[prey]/(TLpred/TLprey) (6) 

where [predator] and [prey] are the wet wt concentrations 
ofanalyte in thep redatorand preyspecies, respectively,an d 
TL is the trophic level based on a15N for the predator and 
prey. Subscripts for whole organisms (w) and liver (I) are 
added as suffices to define the tissues being compared since 
d ifferenttissueswereanalyzed.Forexam ple,BMF TL(w I) would 
be the ratio of the concentration in the whole organism of 
the predator to that of the concentration in the liver of the 
prey. 

It should be stressed that I iver tissues were used to 
determine PFOS concentrations in redfish, seabirds, and 
marine mammals. Liver is generally thought to have the 
h ighestconcentrationsofPFOS,and determination oftroph ic 
transfer using muscle tissue or whole body concentrations 
may yield lower values 

le!ults 
PFOS and PFOA. PFOS was detected in all the species 
analyzed. PFOS concentrations were generally greater than 
that of PFOA (Table 1) with the mean (calculated as the 
arithmetic mean ( 1 SE) PFOS concentrations ranging from 
0.28 ( 0.09ng/ginclams( n ) 5)to20.2 ( 3.0ng/ginglaucous 
gulls (n ) 5). PFOAconcentrations in clam and black-legged 
kittiwake sam pies (n ) 5) analyzed were below MDLs. Mean 
concentrations of PFOA in zooplankton (n ) 5) were 2.6 ( 
0.3 ng/g. PFOS was detected in 4 of the 5 shrimp samples 
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lJ8.E 1.1enery em Bla1<:-0:lrrectOO Mm OJ mlbatims (arithretic rnm ( 1 ~ rgtg VIet wt) ct RUJrinated Qyllic 
Q:rrpl.nls in Eas1em Arctic Rx:d Wb 

PFOS PFOA N-EtPFOSA PFOSA 
species" nglg (wet wt) ng/g (wet wt) ng/g (wet wt) ng/g (wet wt) 

zooplankton 1.8 ( 0.3b (n ) 5) 2.6 ( 0.3 (n ) 5) 0.39 ( 0.07 (n ) 5) ndd 
1.1-2.6° 1.7-3.4 nd- 0.65 (n ) 5) 

clams 0.28 ( 0.09 (n ) 5) nd 20.1 ( 16.5 (n ) 5) nd 
0.08-0.6 (n ) 5) 1.9-85.9 (n ) 5) 

shrimp 0.35 ( 0.15 (n ) 7) 0.17 ( 0.06 (n ) 7) 10.4 ( 8.6 (n ) 5) nd 
nd- 0.9 nd- 0.5 nd -44.8 (n ) 5) 

Arctic cod 1.3 ( 0.7(n) 6) 0.16 ( 0.06 (n ) 6) 92.8 ( 41.9 (n ) 3)8 nd 
0.3-4.7 nd- 0.5 9.6-144.6 (n ) 3)• 

redfish 1.4 ( 0.9 (n ) 7) 1.2 ( 0.8 (n ) 7) nd nd 
nd- 6.3 nd- 5.3 (n ) 2)' (n ) 2Jf 

walrus 2.4 ( 0.4 (n ) 5) 0.34 ( 0.09 (n ) 5) na9 na 
1.4-3.6 nd- 0.7 

narwhal 10.9 ( 2.3 (n ) 5) 0.9 ( 0.1 (n ) 5) 10.9 ( 7.1 (n ) 5) 6.2 ( 2.3 (n ) 5) 
5.4-17.7 0.7-1.1 0.5-6.9 6.8- 10.9 

beluga 12.6 ( 1.1 (n ) 5) 1.6 ( 0.3 (n ) 5) 3.8 ( 2.2 (n ) 5) 20.9 ( 7.9 (n ) 5) 
9.8- 15.8 1.0-2.8 0.1 -11.7 3.9-48.4 

black-legged kittiwake 10.0 ( 4.6 (n ) 4) nd n/a n/a 
1.2-20 

glaucous gulls 20.2 ( 3.9 (n ) 5) 0.14 ( 0.05 (n ) 5) n/a n/a 
9.9-33.2 nd- 0.3 

'See text for tissues analyzed. b Arithmetic mean ( standard error.' Range. d Below MDLs. e Two samples consisted of pools of 2 individual 
organisms.' Pools of two livers of individual organisms. g Not analyzed. 

analyzed at a mean concentration of 0.35 ( 0.15 ng/g; PFOA 
was detected in only 3 samples at a mean concentration of 
0.17 ( 0.06 ng/g. PFOA was detected in only a single Arctic 
cod (0.47 ng/g) (n ) 5) and was about 3 times smaller than 
average PFOS concentrations (1.3 ( 0.7 ng/g). Duplicates of 
Arctic cod, analyzed to check for reproducibility of the 
method, were within 80% of each other for PFOS. Unfor
tunately, a similar comparison could not be made for PFOA 
since it was not detected in the sample. 

PFOS and PFOA concentrations were similar in the 
deepwater redfish (n ) 5); however, PFOA was detected in 
only 2 of the samples while PFOS was detected in 4 of the 
samples analyzed. For the marine mammals, mean PFOS 
concentrations were statistically different (p < 0.001; two
tailed t-test) between beluga (12.6 ( 1.1 ng/g) (n ) 5) and 
walrus (2.4 ( 0.4 ng/g) (n ) 5) and between narwhal (10.9 
( 2.3 ng/g) (n ) 5) and walrus (p < 0.05). However, there 
werenosign ificantd ifferencesi n meanPFOSconcentrations 
betweenbelugaandnarwhal( p > 0.1).Statisticaldifferences 
in the mean PFOA concentrations were observed between 
walrus (0.34 ( 0.09 ng/g) and narwhal (0.9 ( 0.1 ng/g; p < 
0.005) and between walrus and beluga (1.6 ( 0.3 ng/g; p < 
0.05). 

MeanPFOSconcentrati ansi n black-legged kittiwake( 10.0 
( 4.6 ng/g) were 2 times smaller than that found in the 
glaucous gulls (20.2 ( 3.9 ng/g). PFOA concentrations were 
below MDLs in all the black-legged kittiwake and were 
detected in only one of the glaucous gulls (0.33 ng/g). 

N-EtPFOSA and PFOSA. Due to the limited amount of 
sample material, N-EtPFOSAand PFOSA were not analyzed 
in walrus or sea-birds. N-EtPFOSA was detected in all the 
other species analyzed except for red fish, while PFOSA was 
detected only in beluga and narwhal (Table 1). 

Mean N-EtPFOSAconcentration ranged from belowM Dls 
in the red fish to 92.8 ( 41.9 ng/g (wet wt) in Arctic cod. For 
the invertebrate species, mean N-EtPFOSA concentrations 
were highest in the clams (20.1 ( 16.5 ng/g) followed by 
shrimp(10.4 ( 8.6ng/g)andzooplankton(0.39 ( 0.07ng/g). 
Therewerealso nostatisticallysign ificantd ifferencesbetween 
mean N-EtPFOSA concentrations in beluga (3.8 ( 2.2 ng/g) 
and narwhal (10.9 ( 7.1 ng/g). Mean PFOSAconcentrations 
werenotstatisticallyd ifferent( p > 0.1 )between bel uga(20.9 
( 7.9 ng/g) and narwhal (6.2 ( 2.3 ng/g). 
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RGU~ 1. Effect of 5al11lle matrix on the ionization of PFOS and 
PFOA. 

Matrix Effects. Differential suppression of ion signals as 
aresu It of matrix in terferenceshasn ot been documented for 
PFAs.l fweassu methatclam extractsaresu itab lesu rrogates 
forotherbi oticextracts, then theresu ltsofou rstud iessuggest 
thatsu pp ressi on ofthePFOAi o nsignal caused bythe matrix 
isnegl igi blebutsuppression ofthePFOSionsignal increases 
with increasing PFOS concentration (see Figure 1 ). Without 
isotopically labeled IS, possible ways to account for analyte 
ion suppression include standard addition, quantifying 
samples against spiked tissue extracts, or diluting the final 
volume of extracts that are injected. Future PFAs studies in 
our laboratory will compare these two approaches more 
closely. 

Concentrations. Perfluorinated compounds are now one of 
the more frequently detected class of organic contaminants 
found in Canadian Arctic biota (20). This study as well as 
recent studies (3, 6) have found concentrations of PFOS and 
PFOA in Arctic seabirds and marine mammals to be in the 
range of legacy organochlorines (OCs), such as PCBs and 
DDT. For example, mean concentrations of PFOS in black
legged kittiwake livers (8 ng/g, wet wt) in this study were 
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only 3 times lower than that of total chlordane and PCB 153 
in the same samples (21). Similar trends exist for glaucous 
gulls. 

Concentrations of PFOS reported in this studied are 
slightly higher or in the range of concentrations reported for 
this compound in other Canadian Arctic biota. Martinet al. 
( 6)reported low nanogram pergramconcentrationsofPFOS 
in livers of northern fulmar (Fulmarusglacialis) from Prince 
Leopold Island that were 8-20 times lower than that of the 
glaucous gulls and black-legged kittiwakes reported here. 
However, the seabird samples used by Martin et al. were 
collected in 1993,andconcentrationsofPFOSi n ri ngedseals 
(Phoca hispida) collected in 1998 from the Canadian Arctic 
(6) were similar to those found in seabirds, beluga, and 
narwhal from this study. As well, interspecies differences in 
PFOS concentrations exist in seabirds and this may, along 
withspatial differences, mayexplai n thed ifferencesobserved 
between this study and Martinet al. (6). For example, PFOS 
concentrationsi ncormorant( Phalacrocoraxcarbo )I ivers(61 
ng/ g,wetwt)from the Med iterraneanSeawere3ti mesh igher 
than that of glaucous gulls (22). These differences are likely 
related to their diet choices, migration habitats, exposure, 
and differences in metabolic capabilities, all of which have 
been shown to influence concentrations of organochlorines 
in seabirds (21, 23, 24). 

It is not known why PFOS and PFOA concentrations are 
greater in zooplankton com pared to clams and shrimp. The 
factthatclamsandsh rim p haveagreaterben th icassociati on 
andlowerPFOSandPFOAconcentrationsthanzooplankton 
is suggestive that concentrations and exposure of PFOS and 
PFOAmaybegreateri nthewatercol u m n resu lti ngi n higher 
concentrations in zooplankton. 

Bioaccumulation, Trophic Transfer, and Biomagnifi
cation. The pattern ofbioaccu m ulation oftheperfl uori nated 
com pou ndsexam i ned in th isstudyiscom pi icatedandvaries 
am ongthed ifferentcom pou n ds.Amajorconfou nd ingfactor 
is biotransformation, which is currently not well studied for 
perfluorinated compounds. In particular, the potential 
formationofPFOSfrom N-EtPFOSAandPFOSAand possible 
formation from other perfluorinated compounds not mea
sured in this study make assessing the trophic transfer of 
PFOS difficult. A lack of correlation between body burdens 
of N-EtPFOSA, PFOSA, and PFOS was found but is not 
surprising considering that there may be numerous PFOSA 
and PFOS metabolic precursors. For example, the perfluo
rooctanesulfonamides are thought to degrade to PFOS via 
the PFOSA intermediate (12). The biotransformation of 
PFOSAfro m otherprecu rsorcom pou ndsisl ikelytoconfou n d 
any relationships between concentrations of PFOSA and 
PFOS. Biotransformation of one contaminant from a similar 
contaminant has been observed with PBDEs in fish (25, 26), 
and biotransformation has also been shown to increase the 
estimatedTMFandBMFof p,p'-DDEandheptachlorepoxide 
in Arctic biota (13). A better understanding of biotransfor
mation rates, all formation pathways, and a full list of 
perfluorinated precursors would improve assessments of 
PFOS bioaccumulation. 

Desp itethesed ifficu I ties, it isclearthatPFOSbi omagn ifies 
through this Arctic marine food web. This is exemplified by 
thesign ificantrelationsh i p between In concentration ofPFOS 
and TL based on a15N (Figure 2, f2 ) 0.51, p < 0.0001) and 
TL-adjusted BMFs calculated for various species (Table 2). 
Other studies have made similar conclusions about PFOS. 
Van de Vijver et al. (11) found a significant positive linear 
relationsh i pbetweenPFOSconcentrationsand a15N in I ivers 
of four species of marine mammals from the North Sea. 
Martinet al. (6) reported that concentrations of PFOS were 
greater in upper trophic level organisms. Neither study 
attem ptedtoq uan tifythe magn itudeofb i o magnification or 
trophic transfer. 

4 
In PFOS (ng/g, wet wt) = -3.285 + (1.14 * TL) 

(r2 = 0.51' p<0.0001) 
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RGURE 2. Mean ( ( 1 SE) PFOS concentrations (ng/g, wet wt) s 
trophiclevelrelationshipfortheeasternArcticfoodweb.Regression 
analysis: In [PFOS] ) -3.28 + 1.14 (TL)(r 2 ) 0.51, p < 0.0001). BlKI 
) black-legged kittiwakes; G..GU ) glaucous gulls. 

lJ8.E 2. Ttq:hc Lee~ (11.) 13iaTHrlificatim Factors (B\/Fs) 
1iJr FRB, ~ ~ ad N-BFR:Bo. in tt-e Easterrl Ald1c 
Rx:d lJVIDl.b 

predator: prey PFOS PFQAC PFQSAC N-EtPFOSAC 

walrus1:clamw 4.6 1.8 
narwhal1:codw 7.2 1.6 347 0.1 
beluga1:codw 8.4 2.7 889 0.04 
beluga1:redfish1 4.0 0.8 860 9.6 
BLKI1:codw 5.1 0.3 
GLGU1:codw 9.0 0.6 
codw:zooplanktonw 0.4 0.04 0.7 238 

'See text for details on calculation of BMFrL· b Concentration data 
in redfish, seabird, and marine mammal data are for liver, but for cod 
and invertebrates, data are whole body. 'Concentration of half of the 
M Dlwasassu med i nthoseinstanceswhereconcentrationswerebelow 
MDLs 

0 ifferencesi n PFOSconcen Irati on sam ongtissuesarean 
important issue that needs to be identified when assessing 
trop h ictransferofPFOS-1 ikecom pou n ds.PFOSaccu m u lates 
preferentiallyinthebloodand I iverratherthan in I ipids( 10). 
Greater concentrations in the liver as compared to muscle 
tissue is also observed for hydrophobic and lipophilicOCs, 
butth isisdealtwith byassu m i ngthatOCsarei nequ iIi bri u m 
among the various tissues and by using lipid-based con
centrations to calculate TMFs and BMFTLs. The use of lipid 
based concentrations negates OC concentration differences 
amongvarioustissuescaused byd ifferencesi n I i pidcontent 
of the tissues. Since PFOS is not a lipophilic compound, the 
use of lipid based concentrations is not applicable to 
compensate for differences in PFOS concentrations among 
tissues. Thus, TMFs and BMFTLs based on PFOS concentra
tions in muscle may be lower than those estimated using 
liver. Unfortunately, PFOS concentrations in muscle of 
seabi rdsand marine mam malswerenotdeterm i ned forth is 
study and differences in TMFs and BMFTLs between tissues 
cannot be addressed. PFOS concentration in lower TL 
organ isms(fishand invertebrate )werebasedonwholebody, 
which is realistic since they would be consumed whole by 
seabirds and marine mammals. However, at this point it is 
necessary to identify that the BMFs and TMFs determined 
for PFOS and associated compounds are based on liver 
concentrations in seabirds and marine mammals. 

TMFs have been used to describe the increase of OCs 
from one trophic level to the next and are usually derived 
fromtheslopeoftheregression between an organ isms' I ipid 
normalized OC concentrations and trophic position, as 
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determ i nedbystable isotopesofn itrogen ( 27).Furthermore, 
TMFs represent the average increase in contaminant con
centration in food webs rather than the variability shown 
between species and compounds in BMFTL calculations, 
which represent only specific predators. The TMF for PFOS 
in this study was calculated to be 3.1. TMFs have been 
determined for a range of OCs (PCBs, chlordanes, DOTs) in 
a number of Arctic food webs (13, 28, 29) and are generally 
i ntherangeof2 - 15( 24).Asstatedabove, itshou ld bestressed 
thatTMFs,andBMF TLs,forPFOSarebasedonconcentrations 
in the liver of seabirds and marine mammals. PFOS BMFTL(I 
w) for black-legged kittiwake using Arctic cod as the prey 
item () 5.1) was generally lower than for PCB congeners 
reported by Fisk et al. (13) but similar to p,p'-DDT for the 
samefeedingrelationship.ThehighestPFOSBMF TL wasseen 
fortheglaucousgu II usingArcticcodasthepreyitem (BMF TL(I 
w) ) 9.0)andwassi m i lartothatofsomechlori nated biphenyls 
(CBs)( 13).ThehighBMFinglaucousgull islikelyduein part 
to the fact these gulls feed or scavenge on higher trophic 
level organisms (30). However, these TMFs and BMFTLs 
estimated for OCs were based on lipid corrected concentra
tions. Since lipid levels generally increase with trophic level, 
calculation of TMFs and BMFTLs for these OCs using wet wt 
concentrations will yield a greater value. Regardless, con
centrations of PFOS increase across the eastern Arctic food 
web at a magnitude that is similar to legacy OCs. 

BMFTLS calculated for PFOS were fairly similar between 
seabird and marine mammal species but greater than those 
estimated for Arctic cod. Concentrations of PFOS in Arctic 
cod were based on whole bodies so higher concentrations, 
and BMFTLs may have been found if the livers of Arctic cod 
had been used. As well, the higher BMFTLs for the birds/ 
mammals could also be due to a combination of greater 
biotransformation and feeding rates in these organisms. 
Higher concentrations and BMFs for OCs in mammals and 
birds have been shown to be related to greater feeding rates 
( 13).Aithough i nformationforperfl uori natedcom pou ndsis 
lacki ng,itisgenerallyassu med thatmam malsand bi rdshave 
a greater ability to biotransform organic contaminants than 
lowerleveltroph icorgan isms( 27, 31)and I ikelygreaterabil ity 
to biotransform PFOS precursors to PFOS. 

Bioaccumulationof N-EtPFOSAandPFOSAwasdifferent 
from that of PFOS and PFOA. Unlike other hydrophobic 
halogenated organic compounds, concentrations of N
EtPFOSA and PFOSA do not correlate with lipid content of 
samples from various species. This may be related in part to 
their suscepti bi I ity to biotransformation. Mean N-EtPFOSA 
andPFOSAconcentrati onswere highest in up perTLan i mals, 
and PFOSA was not detected in any species other than 
narwhal and beluga. If lower level organisms have lower 
metabolic capacities (differences in metabolic capabilities 
among different marine biota species has been observed for 
otherorgan ohal ogen con tam i nan ts), then thetransformation 
of N-EtPFOSA to PFOSA may be negligible and result in low 
PFOSA concentrations. Nondetectable concentrations of 
PFOSA in lower level organisms in this study are consistent 
with an explanation of low metabolic capacities. It is also 
possible that (i) PFOSA biomagn ifies and concentrations in 
lower TL organisms are below detection limits, (i i) exchange 
of PFOSA between the water and the animals at lower TL is 
occurring, and (iii) use of whole bodies resulted in concen
trations that were below detection limits. Conversely, mam
mals have less efficient water exchange mechanisms, and 
excretion isco m pI icati on bytheenterohepaticreci rcu lati on 
(32). 

Although no relationship was found between concentra
tions of PFOS and N-EtPFOSA or PFOSA for beluga, there 
were differences in N-EtPFOSA and PFOSA concentrations. 
Mean N-EtPFOSAconcentrationswere5-fold lessthan those 
ofPFOSA. Th isissuggestivethatbel ugashaveagreaterab i I ity 
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to biotransform N-EtPFOSA as compared to narwhal and 
the other biota examined in this study since beluga and 
narwhalfeedatasi m i lartroph icleveland I ikelyhavesi m i lar 
exposu retothesecom pou nds.Avariation i nexposurewould 
also be reflected in thebodyb u rdensofPFOSA;aswithso me 
other halogenated contaminants, beluga (and narwhal) are 
likely exposed to larger amounts of these PFOS precursors 
than otherorgan ismsbecauseofthei rh igherTL in the marine 
food web. 

The high BMFTL values for PFOSA in Table 2 should be 
treated with caution as the concentrations of PFOSA in the 
cod and redfish prey species were assumed to be half of the 
MDL (i.e., 0.017 ng/g). If other PFOSA-type compounds in 
addition to N-EtPFOSA are present at low concentrations 
an darebei ngtransferred through thefoodchai n, metabolism 
to PFOSA by upper TL species would result in high PFOSA 
BMFTL values.ltisknownthatPFOSAisusedasthechemical 
building block in the industrial synthesis of numerous other 
PFOSA-type compounds (33). For example, the perfluorooc
tanesulfonamidoethanols(PFOSEs), used in varioussurface 
treatment applications and detected in air samples from 
southern Ontario (34), are synthesized from PFOSA (32). 
N-Ethyi-N-(2-hyd roxyethyl)perfl uorooctanesu lfonam ide( N
EtPFOSE) has also recently been shown to biotransform to 
PFOS in experimental animals (35). The PFOSEs are in turn 
used to synthesize analogous acrylates, urethanes, and 
phosphate esters (33). None of these compounds were 
examined in this study but may be present in lower (and 
upper) TL organisms that may subsequently biotransform 
them to PFOSA. 

A systematic study on the potential matrix effects (in 
particular biotic matrixes) on ion intensity of fluorinated 
organic compounds has not been investigated in detail. An 
attempt was made to do so in this study. Assuming that the 
clam matrix is a suitable surrogate for the other animals, 
then this suggests that our reported PFOS concentrations 
are perhaps underestimated but that PFOA concentrations 
aremoreaccu rate(assu m i ngthat itisrecovered ina manner 
similar to PFBS). The effect of the ion suppression for PFOS 
is also more pronounced at higher concentrations. This in 
turn has implications on our calculated BMFTLs (and TMFs). 
For example, if clams are a suitable matrix for glaucous gulls 
and Arctic cod, our •matrix-corrected 0 BMFTL(Iw) for this 
feed i ngrelationsh i pwould be12.7, which is1.4ti mesh igher 
than the •uncorrected 0 BMFTL(Iw)· Future studies, especially 
on PFOS, should consider ion suppression arising as a result 
of the sample matrix. 

Although analytical difficulties with perfluorinated com
pounds may influence the accuracy of reported concentra
tions, th isdoesn otd i min ish the i m portanceofthesefi nd i ngs. 
Perfl uori natedcom pou ndshavebeen identifiedaschem icals 
of concern in the Arctic due to their unique toxicological 
properties (20). The concentrations reported here and in 
Martin et al. (6) provide additional evidence that these 
compounds require further study and monitoring in the 
Arctic. 

Age,yearofsam pI i ng,andgeograph icalsam pIing I ocation 
aresomeofthefactorsthat i nfl uencei ntraspeciesd ifferences 
in concentrations of persistent organohalogens in biota. 
However, it isd ifficu It todeterm i netheexten ttowh ich these 
variables affect the concentration of the compounds inves
tigated in th isstudysi ncesam pleswere n otchosen to eva I uate 
these factors. Past work suggests there is no correlation 
between PFOS concentrations and ages no significant as
sociationsbetweenageandPFOSconcentrationswerefound 
inliversofringed( Phocahispida )andgrayseals( Halichoerus 
grypus) from the Baltic Sea (36) or in livers of bottlenose 
dolphin (Tursiops truncatus) from the coastal waters of 
Florida ( 4). 
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In conclusion, PFOS and PFOA are detected at low 
nanogram pergramconcen trati onsi n theeasternArcticfood 
webwi th PFOSco ncen trati o nsco nsisten tl y h ig herthan those 
ofPFOA.B ioaccu m u lati on tendencieswered ifferentbetween 
PFOS and PFOA, especially in upper TL animals. PFOA did 
b iomagn ifybetween individual feed i ngrelationsh i psbutnot 
through the entire food web. TMFs for PFOS were slightly 
lower than those of other persistent organochlorines. Sig
nificant concentrations (ng/g, wet wt) of the neutrai-PFOS 
compounds, N-EtPFOSAandPFOSA,weredetected in many 
of aquatic organisms. Because of their susceptibility to 
metabolism, no correlation between lipid-corrected con
centrations of PFOSA or N-EtPFOSA were observed in the 
ani mals.Fu rtherwork isnecessarytodeterm i neotherneutral 
PFOSA precursors in biota, which may help to explain the 
trophodynam icsofPFOSi n food webs. Time-related changes 
i nconcentrationsoffl uori natedcom pou ndsi nan i malsfrom 
the Arctic also warrants future research. 
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Abstract D Per-uorinated acids (PF As) recently have emerged as persistent global contaminants after their detection in wildlife and 
humans from various geographic locations. The highest concentrations of per-uorooctane sulfonate are characteristically observed 
in high trophic level organisms, indicating that PF As may have a signi®;ant bioaccumulation potential. To examinethisphenomenon 
quantitatively, we exposed juvenile rainbow trout (Oncorhynchus my kiss) simultaneously to a homologous series of per-uoroalkyl 
carboxylates and sulfonates for 34 d in the diet, followed by a 41-d depuration period. Carcass and liver concentrations were 
determined by using liquid chromatography±tandem mass spectrometry, and kinetic rates were calculated to determine compound
speci®; bioaccumulation parameters. Depuration rate constants ranged from 0.02 to 0.23/d, and decreased as the length of the 
- uorinated chain increased. Assimilation el\&;iency was greater than 50% for all test compounds, indicating el\&;ient absorption 
from food. Bioaccumulation factors (BAFs) ranged from 0.038 to 1.0 and increased with length of the per-uorinatedchain;however, 
BAFs were not statistically greater than 1 for any PF A. Sulfonates bioaccumulated to a greater extent than carboxylatesofequivalent 
per-uoroalkyl chain length, indicating that hydrophobicity is not the sole determinant of PF A accumulation potential and that the 
acid function must be considered. Dietary exposure will not result in biomagni®;ation of PF As in juvenile trout, but extrapolation 
of these bioaccumulation parameters to larger ®;h and homeothermic organisms should not be performed. 

Keywords D Bioaccumulation Per-uorinated acid Per-uorooctane sulfonate Surfactant 

INTRODUCTION 

Per-uorinated acids (PF As) are a class of markedlysurface
active agents whose physical properties are governed by the 
combination of a hydrophilic anionic head group and a hy
drophobic per-uorinated tail. Per-uorinated acids are unique 
from hydrocarbon surfactants because their rigid per-uori
nated chain also is oleophobic (oil repelling), and the many 
C 2 F bonds result in great stability under extreme heat and 
chemical stress. As a result, PF As historically have been used 
in ®re-®ghting foams [1±3], in acidic metal-plating baths, and 
in commercial products such as cleaners, polishes, lubricants, 
rust inhibitors, shampoos, and cosmetics. One PF A in partic
ular, per-uorooctane sulfonate (PFOS), has found signi®:ant 
use in surface treatment formulations (2.3 kt in United States 
in 2000), which are used to impart oil and water repellency 
to paper, textiles, upholstery, and carpeting [4]. 

The organo-uorine content of human serum ®rst was de
scribed in the 1960s [5±8]; however, it was not until2001 that 
the identity of these compounds was elucidated. By using liq
uid chromatography±tandem mass spectrometry (LC/MS/MS) 
[9,10], human serum was determined to contain ng/ml con
centrations of PFOS, per-uorohexane sulfonate (PFHxS), per
- uorooctanoate (PFOA), and per-uorooctane sulfonylamide 
[I 0]. Soon thereafter, PFOS was determined to be a global 
contaminant, based on its detection in wildlife samples from 
remote global locations such as the Arctic and the Mid North 
Paci®: Ocean [11,12]. The mode by which PFOS is dispersed 
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to remote environments is uncertain but may involve atmo
spheric transport of neutral sulfonamide derivatives of PFOS 
recently detected in urban and rural air samples [13]. Because 
of the ubiquitous distribution in humans and wildlife, and con
cerns regarding environmental persistence, the main manu
facturer is currently phasing out the production of long-chain 
PFAs [4]. 

Analysis of the existing wildlife data [11,14] shows that 
organisms that consumt®sh,suchaspredatorybirdsandmink, 
containgreaterconcentrationso fPF 0 S than theirfoodsources. 
A PFOS liver accumulation ratio was measured at 22 for mink 
feeding on ®shmeal [ 11], and the depuration half-life has been 
estimated at four years in human blood [ 4]. Thelongbiological 
half-life of PF As can be attributed to the fact that they are 
metabolically inert [15±17] and enter into enterohepatic re
circulation, a phenomenon that is more effective as the - uo
rinated chain length increases [17]. Exposed rodents accu
mulate PF As preferentially in blood and liver, rather than in 
lipids. This may be partially attributable to the inherent li
pophobic properties of the - uorinated chain; however, PF As 
also have high af®nity for plasma proteins, such as albumin 
[8]. The weight of evidence suggests that PF As have a sig
ni®:ant bioaccumulation potential, yet the existing data are 
not comprehensive for wildlife and provide little information 
regarding the kinetics of uptake or depuration in any organism. 

The predictably low Henry's law constant for PF As sug
gests that they will accumulate in the aquatic environment 
[18,19; these documents are available from the U.S. Environ
mental Protection agency's TSCA Non-Con~ential Infor
mation Center at http://www.epa.gov/oppt/docket/orderinfo. 
htm], and various ®sh collected in Michigan, USA, waters 
contained PFOS between 17 and 170 ng/g in their livers [11]. 
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Therefore, ®shareasuitabletestorganismforbioaccumulation 
of PF As, and may be exposed through the water (i.e., biocon
centration) [2 0], the foodchain( i.e., bioaccumulation ), or both, 
and the relative importance of these two processesisuncertain. 
We describe here the results from a dietary exposure study 
with juvenile rainbow trout (Oncorhynchus my kiss) exposed 
to a homologous series of per-uoroalkyl carboxylates and sul
fonates of varying - uorinated chain lengths. We report com
pound-speci®:; bioaccumulation parameters determined by liq
uid chromatography±tandem mass spectrometry (LC/MS/MS) 
and discuss their relation to physicochemical properties and 
structure. Results from a PF A bioconcentration study are de
scribed by Martin et al. [20]. 

MATERIALS AND METHODS 

Standards and reagents 

Standards of potassium per-uorobutane sulfonate (PFBS), 
potassium PFHxS (99.9%), and potassium PFOS(86.4%)were 
provided by the 3M Company (St. Paul, MN, USA). Standards 
of per-uoropentanoic acid (97% ), per-uoroheptanoic acid 
(PFHpA, 99%), PFOA (98%), per-uorononanoic acid (PFNA, 
97% ), per-uorodecanoic acid (PFDA, 98% ), per-uorounde
canoicacid(PFUnA,95% ),per-uorododecanoicacid(PFDoA, 
95% ), and per-uorotetradecanoic acid (PFTA, 97%) were pur
chased from Sigma-Aldrich (Oakville, ON, Canada), and per
- uorohexanoic acid (PFHxA, 95%) was obtained from Oak
wood Research Chemicals (West Columbia, SC, USA). Am
monium acetate (98%) and tetrabutylammonium hydrogen
sulfate were purchased from Sigma-Aldrich, anhydrous 
sodium carbonate (99.8%) was purchased from J.T. Baker 
(Phillipsburg, NJ, USA), and methyl-tert-butyl ether (MTBE, 
99.5%) was purchased from EM Science (Gibbsburg, NJ, 
USA). 

Food preparation 

Spiked food was prepared by adding starter food (Martin 
Mills, Tavistock, ON, Canada) to a round-bottom -ask con
taining a solution of all the test compounds in methanol. The 
-ask was placed on a rotary evaporator and the mixture was 
slowly dried under vacuum. The resulting spiked food was 
further dried in an oven at 608C for 3 h to remove excess 
methanol. Control food was prepared in the same manner; 
minus test compounds. 

Fish rearing, feeding, and sampling 

Juvenile rainbow trout (2±5 g) were purchased from Rain
bow Springs (Thamesford, ON, Canada) and were allowed to 
acclimate to laboratory conditions for two weeks before ex
posure. Carbon-®ltered and dechlorinated water (withNa 2S03) 

-owed through each tank at 2 Llmin, the temperature was 
maintained at 128C, and a 12-h photoperiod was used. Fish 
exposed to contaminated food were held in two tanks at re
spective initial loadings of 2.0 and 2.2 g/L, whereas control 
®sh were held in a separate tank at an initial loading of 1.1 
g/L. 

During the34-d uptakeperiod,exposed®shwerefedspiked 
food and control ®sh were fed the prepared control food. Dur
ing the 41-d depuration phase, all ®sh were fed untreated food. 
All ®sh were fed daily throughout the experiment at a rate of 
1.5% body weight. Total biomass was monitored at each sam
pling point throughout the experiment to determine growth 
rate and to correct the amount of food that was fed daily. To 
minimize transfer of test compounds from spiked food to the 

J.W. Martin et al. 

water column, pellets were slowly sprinkled into the treatment 
tanks in several stages, allowing the ®shtoingesteachquantity 
before additional food was added. Fish alwaysfedvoraciously, 
and food was typically consumed within 5 s of being offered. 
On d 30 of the uptake phase, 1-L water samples were collected 
before and 10 min after feeding from all tanks to check for 
contamination of water. 

Six treatment ®sh and two controls were sampled on day 
4 of uptake, and three treatment ®sh and one control were 
sampled on days 7, 14, 21, 28, and 34 of the uptake phase 
and days 7, 14, 21, 28, 34, and 41 of the depuration phase. 
Fish were always sampled before feeding and approximately 
24 h after the previous feeding. Sampled ®shwereanesthetized 
withMS-222andeuthanizedbyablowtotheheadandcervical 
dislocation. An incision was made along the ventral surface 
from the anus to the gills, and the entire liver was removed. 
The gut, consisting of esophagus, stomach, pyloric ceca, 
spleen, and intestines, was removed to avoid contamination of 
the carcass sample with feces and unabsorbed food. The re
sulting liver and carcass samples were analyzed separately 
throughout the experiment to determine the kinetics of uptake 
and depuration. 

Analysis of per -uorinated acids by liquid 
chromatography±tandem mass spectrometry 

Liver samples were homogenized in 15-ml plastic (poly
propylene copolymer) centrifuge tubes containing 3 ml of 
Na2C03 (0.25 M), 1 ml of water, 1 ml of the ion-pairing agent 
tetrabutylammonium hydrogensulfate (0.5 M adjusted to pH 
10) [10], and 100 ml (25 ng) of the internal standard, PFNA. 
Carcass samples ®rst were reduced to a ®ne powder with a 
mortar and pestle with liquid nitrogen, and subsequently were 
homogenized in 50-ml plastic centrifuge tubes containing 10 
to 20 ml of Na2C03 . An exact quantity (2±4 g) of the ho
mogenate then was transferred to a separate centrifuge tube 
containing 1 ml of water, 1 ml of tetrabutylammonium hydro
gensulfate, and 100 ml of PFNA. 

The resulting homogenates were extracted with 5 ml of 
MTBE by shaking vigorously for 10 min, followed by cen
trifugation at 2,800 rpm to isolate the organic phase. The 
MTBE supernatant was collected in a separate plastic tube, 
and the extraction process was repeated once more, combining 
the supernatants. The MTBEwas blowntodrynessunderhigh
purity nitrogen gas, and the analytes were taken up in 1 to 2 
ml of 50:50 (v/v) water:methanol by vortexing for 30 s. The 
solution was then ®ltered through 0.2-mm nylon ®lters into 
polypropylene shell vials for liquid chromatography analysis. 

Water samples were analyzed by removing 25 ml and add
ing it to a 50-ml plastic centrifuge tube containing 0.6 g of 
Na2C03, 1 g oftetrabutylammonium hydrogensulfate, and 100 
ml of PFNA. The PF As were extracted twice by using 20-ml 
aliquots of MTBE, centrifuging, combining the supernatants, 
and analyzing further in the samemanneras fortissuesamples. 

Instrumental analysis was performed by LC-MS-MS by us
ing the conditions described by Moody et al. [1,9]. Water and 
methanol solvents (0.01 M ammonium acetate) were delivered 
at a total -ow rate of 300 ml/min by a Waters 600S controller 
(Milford, MA, USA) and samples were injected (25 ml) by a 
Waters 717 plus autosampler. Chromatography was performed 
on a Genesis C8 column (2.1 3 50 mm, Jones Chromatog
raphy, Lakewood, CO, USA). Initial mobile phase conditions 
were 90:10 (v/v) water:methanol for 30 s, followed by a 10-
min ramp to 0:100, a 3.5-min hold, and reverting to initial 
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Table 1. Test compound acronym, structure, ion transition monitored, and food-borne exposure 
concentrations for all test compounds 

Ion transition Food-borne 
monitored by concentration 

Test compound Acronym Structure LC/MS/MS' (mg/g) 

Per-uoroalkyl carboxylates 
Per-uoropentanoic acid PFPA CF3(CF2 ) 3C02H 263 ~ 219 0.50 
Per-uorohexanoic acid PFHxA CF 3(CF 2) 4C02H 313 ~ 269 0.52 
Per-uoroheptanoic acid PFHpA CF3(CF2 ),C02H 363~319 0.46 
Per-uorooctanoic acid PFOA CF,(CF2 ) 6C02H 413 ~ 369 0.42 
Per-uorodecanoic acid PFDA CF 3(CF 2 ) 8C02H 513 ~ 469 0.39 
Per-oroundecanoic acid PFUnA CF3(CF2 ) 9C02H 563 ~ 519 0.57 
Per-uorododecanoic acid PFDoA CF 3(CF2 ) 10C02H 613 ~ 569 1.1 
Per-uorotetradecanoic acid PFTA CF 3(CF 2 ) 12C02H 713 ~ 669 1.2 

Per-uoroalkyl sulfonates 
Per-uorobutane sulfonic acid PFBS CF3(CF2 ) 3S03H 299 ~ 99 0.32 
Per-uorohexane sulfonicacid PFHxS CF3(CF2),S03H 399 ~ 99 0.51 
Per-uorooctane sulfonic acid PFOS CF 3(CF 2 ) 7S03H 499 ~ 99 0.54 

'LC/MS/MS 5 liquid chromatography±tandem mass spectrometry. 

conditions at 14 min. The detector was a Quattro liquid chro
matograph (Micromass, Manchester, UK) equipped with an 
electrospray interface operating in negative ion mode. Data 
were acquired by MS-MS by using a multiple reaction mon
itoring method that monitored a single transition (parent ~ 
daughter ion) for each compound (Table 1). Desolvation tem
perature was 3508C, and the source block was maintained at 
l508C. Desolvation gas -ow was between 600 and 700 Llh, 
and the capillary voltage always was 2.75 kV. 

Quantitation always was performed relative to PFNA by 
using a standard curve constructed from known quantities of 
standards extracted from water in the same manner as tissue 
samples. All samples were blank subtracted before quantita
tion, and standard injections were made every six to nine sam
ples to monitor sensitivity drift. 

Recovery tests 

Accuracy and pree1s10n of the analytical procedure was 
tested by using spiked homogenates of control rainbow trout 
liver and carcass. The homogenates were prepared in the same 
manner as samples; however, before extraction with MTBE, 
10 to 20 ng of each test compound wasspikedintothesolution, 
which was then vortexed and left to equilibrate overnight. 
Relative response to PFNA was calculated, and recovery was 
reported relative to water samples spiked at the same concen
tration and extracted in the same manner. 

Data analysis 

Fish weight (FW) was best predicted by the exponential 
growth model, FW 5 a'exp(g't), where a is a constant, g is 
the growth rate, and t is the time. All tissue concentrations 
were corrected for growth dilution by determining the percent 
increase in FW at each sampling interval, relative to t 5 0, 
by using the predicted exponential growth rate equation. The 
depuration rate constants (kct) were determined by linear re
gression after ®tting the growth-corrected depuration concen
trations (Cdtsh(r) to the ®rst-order decay model C®sh(rJ 5 
a'exp(2kct't), where a is a constant. Depuration half-life was 
calculated by the formula ln(2)/kct· 

Assimilation ef®::iency (a) was determined by using iter
ative nonlinear regression (Systatt, Ver 9.0, Systat Software, 
Richmond, CA, USA) by ®tting the growth-corrected data to 

the integrated form of the kinetic rate equation for constant 
dietary exposure [21] 

Cfish(rJ 5 [(a)(Cr)(F)/(kct)Jll 2 exp(2kct't)] (I) 

where Cr is the food concentration, F is the feeding rate, and 
kct is a ®xed parameter. Bioaccumulation factors (BAFs) were 
calculated by aF lkct. 

RESULTS 

Tissue extraction ejJi}:iency 

The recovery of test compounds from spiked liver or car
cass homogenates is shown in Figure I. In liver, recovery 
exceeded 80% for all test compounds except PFBS and PFTA. 
Recovery from carcass was generally lower than liver, but 
exceeded 80% for all test compounds except PFDoA, PFTA, 
and PFBS. The low recovery of PFBS was irrelevant in the 
context of this study because, although it could be detected in 
a few samples, it did not accumulate (i.e., BAF K I). Low 
recovery should not have affected the estimates of depuration 
rates, assuming that reproducibility was acceptable. Standard 

120 

: Perfluoroalkyl carboxylates -carcass 

I C:::::J liver 

100 I Perfluoroalkyl 
I sulfonates 
I 

80 I 
i=' I 
~ I 
(.) 60 I 
(I) 

I a: 
if!. I 

40 I 
I 
I 

20 I 
I 
I 

0 .. l 

< < < < < < tn tn tn a. 0 c c: 0 t;: ID )( 0 
J: LL LL ;;;) c u. J: LL u. ll. ll. LL u. ll. ll. LL ll. 
ll. ll. ll. ll. 

Fig. 1. Analytical accuracy (% recovery) 6 1 standard error for test 
compounds spiked into liver and carcass homogenates. Recovery was 
not calculated for carboxylates shorter than per-uoroheptanoic acid 
(PFHpA) because these were not detected in tissue samples of ex
perimental ®>h. See Table 1 for de®nitions of test compounds. 
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Table 2. Uptake and depuration phase duration, growth rate constant, and the associated coel®;ient of determination, mortality, and liver somatic 
index (LSI) for exposed and control juvenile rainbow trout (Oncorhynchus mykiss) 

Uptake Depuration Mean initial Growth rate' Mortailty LSI 
(%) period (d) period (d) ®;h mass (g) (10 23 g/d) (r2) (%) 

Exposure tank 1 34 42 
Exposure tank 2 34 42 
Combined tank 1 and 2 34 42 
Control 34 42 

NDb 12.8 (0.94) 
ND 13.1 (0.98) 
2.54 13.0 (0.96) 
2.51 12.1 (0.86) 

0 
0 
0 
0 

ND 
ND 

1.4 6 0.04 
1.2 6 0.06 

'Growth rate represents the growth rate constant a, determined from the exponential growth equation, ln(FW) 5 a (g) (t), where FW is ®;h 
weight, g is the growth rate, and t is the time, by using linear regression. 

b ND 5 not determined. 

error of the recovery always was low (0.06±1.16% ), repre
senting excellent reproducibility for all test compounds. If re
covery of PF As spiked into food was higher or lower than 
recovery from ®sh carcass, estimates of assimilationef®ciency 
would have been under- or overpredicted, respectively. Be
cause PF A recovery from food was not known, it was assumed 
not to be different from carcass recovery, and concentration 
data was not corrected for recovery in any matrix. 

Fish mortali~y, growth, and liver somatic index 

No mortality occurred in any exposed or control ®sh, and 
no statistically signi®::ant difference was found in the rate of 
growth for exposed ®sh relative to controls (Table 2). Also, 
no statistically signi®::ant difference was found between the 
liver somatic index of exposed and control ®sh (Table 2) and 
no temporal trend was found in the liver somatic index for 
exposure or control tanks. Per-uorinated acids cause hepato
megaly in rodents via peroxisome proliferation [22,23]; how
ever, this effect was not observed under this dosing regime in 
trout, based on the liver somatic index. 

Bioaccumulation parameters 

Spiked PFA concentrations in ®sh food ranged from 0.32 
to 1.2 mg/g (Table 2). Water samples collected before and after 
feeding revealed no trace of PF As ( # 5 ng/L ), indicating neg
ligible transfer of contaminants to the water column during 
the feeding process. Only carboxylates with more than six 
per-uoroalkyl carbons and sulfonates with more than four per
- uoroalkyl carbons were detectable in ®sh tissues at all given 
sampling times. At any time during the experiment, per-uo
ropentanoic acid, PFHxA, and PFHpA were not detected, thus, 
their bioaccumulation potential was expected to be negligible 
(i.e., BAF , 0.1 ). Per-uorobutane sulfonate only was detect
able at the last three uptake sampling intervals and at the ®rst 

"' 
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c 
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Day Day 

Fig. 2. Growth-corrected carcass concentration of test compounds in 
rainbow trout during the depuration phase (days 34±75). The natural 
log of each data point is plotted (n 5 3 for each sampling interval) 
and the depuration rate constant was determined from the slope of 
the linear regression line. See Table 1 for de®nitions of test com
pounds. 

sampling time of the depuration phase, allowing for an esti
mation of depuration but not assimilation. 

Liver and carcass depuration rate constants ranged from 
0.020 to 0.23/d for individual test compounds, representing 
depuration half-lives in the range of 3 to 35 d (Fig. 2). These 
rates of depuration are very similar to results of a PF A aqueous 
exposure study [20], and are generally more rapid than for 
persistent organochlorine contaminants in the same species, 
including polychlorinated biphenyls, toxaphene, hexachloro
benzene, mirex, and chlorinated alkanes [24,25]. However, 
with the exception of PFOA and PFBS, these rates of depu
ration are slower than for any previously investigated surfac
tant in any ®sh species [26]. Depuration half-life was directly 
proportional to per-uorinated chain length in both carcass and 
liver (Fig. 3), and in all tissues, sulfonatesweremorepersistent 
than carboxylates of equivalent chain length. 

We suggest that juvenilerainbowtroutdonothaveanactive 
mode of elimination for PF As, as has been demonstrated in 
female rats exposed to PFOA [27±29]. For female rats, the 
depuration half-life is only about 10 h for PFOA [30] and is 
controlled in part by estradiol [29]. Comparatively, half-lives 
of rainbow trout carcass were much longer for PFOA (i.e., 3.0 
d) despite their smaller body size and the possibility of elim
ination through the gills. Furthermore, the juvenile life stage 
of these ®sh should exclude a hormonally controlled mecha
nism of active elimination. Bioaccumulation experiments 
should be conducted on mature rainbow trout to examine the 
possibility of sex-related differences of excretion and the ef
fects of body size on PF A bioaccumulation parameters. 

The carcass uptake curves are shown in Figure 4 and, upon 
visual inspection, the rate of uptake clearly increased with the 
length of the per-uoroalkyl chain for carboxylates and sul
fonates. We attempted to determinestatisticallywhethersteady 
state had been reached for any PF A during the uptake phase; 
however, the associated power oft tests or analyses of variance 
was always less than 0.2, and no ®rm conclusions could be 
made. Visually, the slope of the uptake curve appeared to level 
off by the end of the uptake period for the shortercarboxylates, 

50 50 

I 

. Perfluoroalkyl carboxylatcs 

l.f 
40 Perfluoroalkyl sulfonates 40 

'C 

~ 30 Carcass 30 liver 

"" ./ ~ 20 20 
... 

10 ...... + 10 
... .... / 

10 12 14 10 12 14 

Perfluoroalkyl Chain-Length 

Fig. 3. Carcass and liver half-lives ( 6 1 standard error) for carbox
ylates and sulfonates as a function of per-uoroalkyl chain length. 
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Fig. 4. Growth-corrected carcass concentration of test compounds 
during the uptake phase (days 3±34). Each point represents the mean 
of three ®;h 6 1 standard error. The curve through each set of points 
was produced by iterative nonlinear regression, according to Equation 
1. See Table 1 for de®nitions of test compound acronyms. 

PFOA and PFDA, and the sulfonate, PFHxS, but not for any 
other test compound. An estimate of the time required to reach 
steady state was made mathematically by knowing the rate of 
depuration (kct). Rearranging Equation 1 gives 

Crish/Crooct 5 [(a)(F)/(kct)Hl 2 exp(2kctt)l 

5 BAF"[l 2 exp(2kctt)l (2) 

At steady state, Cotsh/Crooct approaches BAF asymptotically 
and, by mathematical de®nition, never equals BAF (until t ~ 
· ). Thus, to estimate a time to steady state we substituted 
0.9"BAF (i.e., 90% to steady state) for Cotsh/Crood, and solved 
for t for each PF A. The estimated time to 90% steady state 
for PFOA, PFDA, and PFHxS was less than 34 d (Table 3), 
as expected from the experimental uptake data for these com
pounds, which appeared to level off by day 34. Uptake data 
for test compounds with estimated times to steady state ex
ceeding 34 d did not appear to level off during the uptake 
period and for the most biologically persistent test compound, 
PFT A, uptake was approximately linear. These results support 
the use of kinetic models to estimate bioaccumulation param
eters for biologically persistent compounds. Furthermore, a 
previous comparison of the kinetic and steady stateapproaches 
to bioaccumulation of surfactants indicated that both methods 
yield similar results [26]. 
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Assimilation ef®ciency ranged from 59 to 130% for PF As 
that were detected, indicating ef®cient absorption from in
gested food (Table 3). No evidence was found of decreased 
uptake across the gut (i.e., a) for PFT A, a result that differs 
from an aqueous exposure experiment wherein PFT A per
meation across the gill membrane was lessthanexpectedbased 
on extrapolation from shorter PF A homologues [20]. These 
assimilation ef®ciencies contrast those of chlorinated contam
inants, which in rainbow trout are relatively low (i.e., 20± 
60%) [24]. The high assimilation ef®ciency for PF As supports 
the theory that enterohepatic recirculation is the mode by 
which they persist in ®sh, given that ef®cient intestinal ab
sorption is a prerequisite for such a mechanism. Enterohepatic 
recirculation is further supported by the tissue distribution of 
PF As in trout, whereby concentrations are highest in theblood, 
liver, and bile [20]. In rodents, urinary excretion is signi®:ant 
for the relatively water-soluble PF A, PFHpA, resulting in rel
atively rapid elimination [17]. Alternatively, biliary entero
hepatic recirculation is favored for more hydrophobic PF As, 
such as PFNA and PFUnA, which have comparably slow rates 
of elimination [17]. 

Bioaccumulation factors increased with increasing per-uo
roalkyl chain length (Fig. 5), but were not signi®:antly greater 
than one for any test compound, indicating that PF A dietary 
exposure will not result in biomagni®:ation in juvenile trout. 
This was partially a predictable outcome based on the rela
tively rapid rates of depuration and our experimental design. 
If we examine the equation for bioaccumulation (BAF 5 aFI 
kct), the BAF apparently is partially predetermined by the ex
perimental feeding rate (F 5 0.0 15). If we set the BAF equal 
to one, and assume unity assimilation (i.e., a 5 I), it follows 
that kct must be less than 0.015 (i.e., half-life greater than 46 
d)toproduceaBAF $ l.Inotherwords,PF ABAFsinjuvenile 
trout are not greater than one because their rate of depuration 
is relatively high, and their natural feeding rate is too low. 
Comparatively, previous studies conducted with juvenile rain
bow trout, which used an identical feeding rate, resulted in 
BAFs greater than one for polychlorinated biphenyls, toxa
phene congeners, chlorinated pesticides, and chlorinated al-

Table 3. Feeding rate(};), assimilation emiency (a), depuration half-life (d), steady state bioaccumulation factor (BAF), the accumulation ratio 
on day 34 (AR34d), and estimated time to achieve steady state (t"). The coemient of determination is shown in parentheses for the corresponding 

regression analysis, and error is represented by 61 standard error. See Table 1 for de®nitions of test compound acronyms 

Compound F, (%d) a (%)b kd 3 10 23 (d 21
) Half-life (d) BAF AR34d t" (d) 

Carcass 
PFOA 1.5 59 6 5.0 (0.25) 230 6 33 (0.93) 3.0 6 0.42 0.038 6 0.0062 0.034 10 
PFDA 1.5 110 6 8.0 (0.65) 70 6 9.4 (0.74) 9.9 6 1.3 0.23 6 0.035 0.16 33 
PFUnA 1.5 110 6 8.1 (0.71) 61 6 7.3 (0.78) 11 6 1.4 0.28 6 0.040 0.19 38 
PFDoA 1.5 130 6 9.4 (0.77) 47 6 5.8 (0.77) 15 6 1.9 0.43 6 0.062 0.28 49 
PFTA 1.5 130 6 19 (0.57) 20 6 4.6 (0.48) 35 6 8.3 1.0 6 0.25 0.55 120 
PFOS 1.5 120 6 7.9 (0.69) 54 6 7.6 (0.72) 13 6 1.8 0.32 6 0.050 0.22 43 
PFHxS 1.5 70 6 5.8 (0.56) 76 6 9.6 (0.77) 9.1 6 1.1 0.14 6 0.021 0.10 30 

Liver 

PFOA 130 6 12 (0.94) 5.2 6 0.48 0.091 
PFDA 50 6 7.7 (0.67) 14 6 2.1 0.35 
PFUnA 68 6 8.2 (0.77) 10 6 1.2 0.36 
PFDoA 45 6 4.7 (0.82) 15 6 1.6 0.23 
PFTA 29 6 5.5 (0.57) 24 6 4.7 0.23 
PFOS 35 6 10 (0.43) 20 6 5.7 0.39 
PFHxS 54 6 11 (0.66) 13 6 2.5 0.30 
PFBS 210 6 34 (0.88) 3.3 6 0.54 0.085 

'Feeding rate expressed as the percentage of body weight fed daily (gr,oig,h/d). 
b Assimilation emiency, expressed as a percentage of compound absorbed relative to the amount fed (a 3 1 00). 
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Fig. 5. Association between the bioaccumulation factor (log BAFs) 
and per-uoroalkyl chain length of carboxylates and sulfonates. 

kanes whose half-lives were greater than 46 d [24,25]. Con
versely, when half-lives were reported at less than 46 d for 
these organochlorines, BAFs were less than one [25,31,32]. 
Carcass bioconcentration factors closely approximate the 
whole-body bioconcentration factors; however, removal of the 
liver from the intact ®sh resulted in a minor loss of total PF As. 
The resulting carcass contained between 96% (i.e., PFHxS) 
and 99% (i.e., PFTA) of total PF As, depending on the test 
compound. 

As a consequence of higher assimilation ef®::iencies and 
lower rates of depuration, sulfonate BAFs were greater than 
for carboxylates of equal per-uoroalkyl chain length (Fig. 5). 
For instance, PFHxS, which has six per-uoroalkyl carbons, 
was consistently detected in ®sh tissue and accumulated over 
time, whereas PFHpA, which also has six per-uoroalkyl car
bons, was never detectable. Furthermore, the BAF for PFOS, 
which has 8 per-uoroalkyl carbons, was similar to PFUnA, 
which has l 0 per-uoroalky l carbons. 

The PF As are attractive molecules for bioaccumulation 
studies because biotransformation is absent, and, therefore, 
uptake and elimination processes are expected to be a function 
of physicochemical properties only. If we use the critical mi
celle concentration as a surrogate measure of surfactant hy
drophobicity, as suggested by Tolls and Sijm [33], it becomes 
apparent that hydrophobicity is not the sole predictor of bio
accumulation or bioconcentration [20] potential for PF As, and 
one must consider the effects of the acid function. The BAF 
for PFOS is slightly higher but similar to the BAF for PFUnA, 
yet the critical micelle concentration of their respective po
tassium salts is 8.0 and 0.34, respectively, suggesting that 
PFUnA is much more hydrophobic than PFOS. The suggestion 
has been made that critical micelle concentration may not be 
the best surrogate of surfactant hydrophobicity for data sets 
that include surfactants of different classes [33]. Analysis of 
data from the present study supports this hypothesis, and fur
ther suggest that per-uoroalkyl carboxylates and sulfonates 
should be considered as unique subclasses within the larger 
family of PF As. 

Examination of wildlife monitoring data demonstrates the 
signi®cant bioaccumulation potential for PFOS, whereby 
high trophic level predators tend to have the highest con
centrations [11,14], and a liver accumulation ratio was es
timated at 22 for mink feeding on contaminated ®shmeal. 
The bioaccumulation data presented here for ®sh do not con-

J.W. Martin et al. 

tradict previous ®ndings showing high dietary accumulation 
in other organisms, because of the known physiological dif
ferences between ®sh and higher trophic level homeotherms. 
For ®sh, the lamellar blood±water interface of the gills is the 
major route of clearance (and uptake) of nonmetabolizing 
waterbomexenobiotics [34]. Inotherwords,®shgillsprovide 
an additional mode of elimination for PF As that birds, ter
restrial organisms, and marine mammals do not possess. The 
moderate water solubility of PF As causes their escaping ten
dency to be relatively high from the gills into water, whereas 
the escaping tendency of PF As to the air, across the alveolar 
membrane of the lung, would be relatively low because of 
their low vapor pressure and negative charge. When using 
PFOSas an example, the®sh carcasshalf-lifewasdetermined 
to be 13 d, whereas in humans, monkeys, and male rats, the 
half-lives were estimated to be 1,428 d [4], 180 d, and 89 d 
[3 5; http/ /www .epa.gov I oppt/docket/ orderinfo .htm], respec
tively. Additionally, the variability in biological persistence 
between different species may be partially related to body 
size, with larger organisms having slower rates ofdepuration. 
Extrapolation of the experimentally determined bioaccumu
lation parameters for juvenile trout to large or mature trout 
must be done with caution because, for hydrophobic poly
chlorinated biphenyl congeners (i.e., log K0 w . 5), the half
life in 900-g rainbow trout can be as much as l 0 times greater 
than in smaller ®sh of the same species (e.g., l 0 or 45 g) 
[24,36]. 

An additional difference between ®sh (poikilotherms) and 
higher trophic level homeotherms is the feeding rate. The large 
difference between bioaccumulation in homeotherms and poi
kilotherms has been shown previously [37,38] and has been 
attributed to the higher energy requirements and feeding rates 
of homeotherms. The experimental feeding rate used in this 
study (1.5% body wt/d) is a realistic rate for ®sh; however, 
homeotherms must consume greater quantities of food to sus
tain their higher basal metabolicrates. Therefore, extrapolation 
of ®sh-derived bioaccumulation parameters should not be 
made to other organisms. 
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Occurrence of perfluorooctane sulfonate (PFOS) in the 
tissues of humans and wildlife is well documented. In this 
study, concentrations and distribution of PFOS, perfluo
rohexane sulfonate (PFHS), and perfluorobutane sulfonate 
(FfBS) were determined in samples of surface water, 
fish and bird blood and livers, and human blood collected 
in Japan. Notable concentrations of PFOS were found 
in surface water and fish from Tokyo Bay. PFOS was found 
in all of the 78 samples of fish blood and liver analyzed. 
Based on the concentrations of PFOS in water and in fish 
livers, bioconcentration factors were calculated to 
range from 274 to 41 a::o. Concentrations of PFOS in the 
blood of Japanese human volunteers ranged from 2.4 to 14 
ng/ml. PFHS was detected in 33% of the fishes analyzed, 
at concentrations severalfold less than those of PFOS. 

lntnxidial 
Perfluorooctane sulfonate (PFOS) and its salts are fully 
fluorinated organic compounds that can be produced 
synthetically or through the degradation of other perfluo
rochem ical products. Recent studies have shown that PFOS 
is a persistent and bioaccu mulative global contaminant ( 1-
6).Su lfonyl-based perf! uoroal kylated com po u n dshave been 
produced and used for over 40 years (1) for soil/stain 
resistancean dsu rfactantappl icationsand are used i nvarious 
texti les,u pholstery,carpeti ng,andspecialty papers, i ncl ud i ng 
food-contact materials and fire-fighting foams. Perfluoro
hexane sulfonate (PFHS) and perfluorobutane sulfonate 
(PFBS)are i m pu ritiesi n certain flu orochem icalform u lations, 
including aqueous film-forming foams (AFFF). Occurrence 
ofperfl uorocarboxylatesi n gro u n dwateran dAFFFp rod ucts 
has been shown (7, 8). The 3M Company, a major manu
facturer of sulfonyl-based perfluorochemicals, announced 
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e-mail: kkannan@vvadsworth.org. Corresponding author address: 
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the phase-out of production of POSF-based chemicals from 
December 2000, because of concerns about the persistence 
of PFOS in the environment and the potential for long-term 
en vi ron men tal effects( 9). Thed iscoveryoffl uori nated organic 
compounds in human serum and in the environment has 
led to the initiation ofstu d iestocharacterizethed istri b uti on, 
dynamics, and fate of such chemicals in the environment. 
PFOS and related perfluorinated chemicals are also thought 
to be produced by other manufacturers in other countries. 
Since July 2000, the Organization of Economic Cooperation 
and Development(OECD )led ani nternationalcollaboration 
on the scientific assessment of PFOS. Therefore, data on the 
occurrence and distribution of perfluorochemicals in the 
environment are needed for accurate risk assessment in all 
countries. 

Studies on the occurrence of perfluorinated compounds 
in wildlife have focused on samples collected from North 
AmericaandEurope( 3- 6).Studiesdescribingtheoccurrence 
of perfluorinated compounds in coastal surface waters and 
fishes have not been previously reported.Japan is one of the 
most highly industrialized nations in the world, and the use 
of perfluorinated compounds is expected to have occurred 
thereinvariousappl ications.l n2000, thefi rstnational project 
on PFOS in Japan was started at the National Institute for 
Advanced Industrial Science and Technology, with the 
support of New Energy and Industrial Technology Develop
ment Organization (NEDO). A preliminary survey was 
conducted in 2001 to estimate PFOS in Japanese humans; 
this survey showed measurable concentrations (a few tens 
of parts-per-billion) in blood (10- 12). In the present study, 
we report results of a survey of PFOS, PFHS, and PFBS in 
sam plesofwater, fish, birds,and hu mans,collected i nJapan. 
Additionally, th isstudy provi desevi denceforthefield -based 
bioconcentration factors of PFOS in fish. 

Materials ad Mettr:xts 
Sample Collection. Twenty-two surface seawater samples 
were collected from lshikari Bay and Lake Shikotsu in 
Hokkaido,TokyoBay,OsakaBay,HiroshimaBay,AriakeBay, 
andKi n Bayi n Oki nawa(Figu re 1 ). Th reefreshwatersam pies 
were collected from Lake Biwa, the largest lake in Japan, 
located in central Shiga Prefecture. Samples were collected 
using a clean stainless steel grab sampler and stored in new 
1 Lpolypropylenecontai nerswith narrowmouthsandscrew 
tops. The containers were rinsed with methanol, deionized 
water,andwaterfrom theparticularsam piing location prior 
to use. Teflon bottles and Teflon-lined caps were avoided 
throughout the analysis, as interference might have been 
introduced into the sample extracts. The amount of sus
pended matter was kept to a minimum. To reduce residual 
chlorine, we added 200 fL of 250 mg/mL solution of sodium 
thiosulfate to each bottle. In most cases, samples were 
extracted within 24 h after collection; otherwise, samples 
werekeptat4 ocu nti lanalysis.AII ofthewatersam pleswere 
collected during March to September, 2002. 

Forty-eight blood samples and 30 liver samples were 
collectedfro m 23speciesoffish during March-August,2002, 
from Tokyo Bay, Osaka Bay, Hiroshima Bay, Ariake Bay, Kin 
Bay (Okinawa), and Lake Biwa (Figure 1 ). Fish were caught 
byhookan d I i neorobtai ned from local fisherman .All species 
were coastal fishes except those from Lake Biwa. Fish were 
captured alive for the collection of blood and liver samples. 
Blood samples were drawn from the caudal artery of fish 
that were still alive, and liver samples were obtained after 
dissection .Sam p lesfro m b i otaan dseawaterwerep laced on 
dry ice and kept in the dark from the time of collection until 

10.1021/es0303440 CCC: $25.00 © 2003 American Chemical Society 
Published on Web 05114/2003 

ED _000954(915)_Processed_PSTs-2_DD _00004 756-00001 



EPA-HQ-2016-005679 06/14/2017 

N 

Ishikari B~/ t 
~ke Shikotsu 

Lake Biwa 

Tokyo Bay 

.•
1 Osaka Bay 

Anake Bay 

"'Kin Bay 

FIGURE 1. Map of Japan, highlighting the sampling locations. 

transport to the laboratory and then stored at -30 oc for 
biota samples and 4 oc for seawater samples, until analysis. 

Blood and I iver samples were also collected from carrion 
crow (Corvus corone corone), mallard (An as platyrhynchos), 
and pintail duck (Anasacuta) (n ) 17) around Tokyo Bay in 
Decem ber2000.1 nadd ition, bloodandseru msam pleswere 
collected from two species of pets, rabbits, and domestic 
duck (n ) 7). Serum was prepared by centrifugation of the 
blood at 2500 G for 15 min. Human blood and serum were 
collected from Japanese volunteers (n ) 10, ages 23- 44) in 
June, 2002. Three of the blood samples were analyzed both 
as whole blood and as serum after centrifugation, to allow 
comparison of the concentrations in whole blood and in 
serum. 

Extraction. Theanalytical procedu refortheextraction of 
water samples was similar to that described elsewhere ( 13), 
with some modifications. The modifications include the use 
of 10-g solid-phase extraction (SPE) tC18 cartridges instead 
of 1-g cartridges, and extraction of 500 mL of water instead 
of 40 mL of water. C18 SPE cartridges (10 g, 35 mL, Waters 
Corporation, Milford, MA) were preconditioned by passage 
of 100 mL of methanol followed by 50 mL of milli-Q water, 
prior to passage of samples. A sam pie aliquot of water (500 
mL) was passed through the preconditioned cartridges at a 
rate of 1 drop/s, and the cartridges were not allowed to go 
dry at any time throughout the extraction process. The 
cartridges were then washed with 20 mL of 40% methanol 
i nwater, which wast hen discarded. Thetargetanal yteswere 
eluted with 30 mL of methanol and collected in a polypro
pylene tube. The solvent was evaporated under nitrogen to 
0.4 mL and transferred into a vial for analysis. 

The analytical procedure for the extraction of blood and 
liver samples was similar to that described elsewhere (2, 3). 
On em iII i I iterof0.5Mtetrabutylam mon i u m hydrogensulfate 
solution and 2 mL of sodium carbonate buffer (0.25 M, pH 
10) were added to 1 mL of blood or serum sample in a 
polypropylene tube and thoroughly mixed for extraction. 
Five milliliters of methyl tert-butyl ether (MTBE) was added 
to the above mixture and shaken for 20 min. After centrifu
gation, the MTBE layer was transferred into another polypro
pylenetu be. Thesolventwasevaporated u ndern itrogenand 
replaced with 0.5 mL of methanol. This extract was passed 
through a nylon mesh filter (0.2 fm) into an HPLC vial. For 
the extraction of liver samples, 1 go fliver was homogenized 
with5mLofm iII i-Qwater.Onem iII i I iterofth ishomogenate 
was transferred into a polypropylene tube and extracted 
similarly to the procedure described for blood. 

Analysis. Concentrations of PFOS in liver and blood 
plasma were measured using high performance liquid 
chromatography( HPLC) i nterfacedwithan electrospray mass 
spectrometer (MS), followed by confirmation with electro
spray tandem mass spectrometry (MS/MS). The PFOS used 
ass tan dardsan dasmatrixsp i keswere purchased from Fl uka 

location n PFOS PFHS PFBS 

lshikari Bay (Hokkaido) 1 <2.5 <3.1 <27 
Lake Shikotsu (Hokkaido) 1 <2.5 <3.1 <27 
Tokyo Bay 4 8-59 (26)b <7.1 <48 
Osaka Bay 3 <4-21 (8.7) <8.8 <60 
Lake Biwa 3 <4- 7.4 (3.8) <8.8 <60 
Hiroshima Bay 4 <4 <8.8 <60 
Ariake Bay 5 <9-11(4.8) <11 <38 
Kin Bay (Okinawa) 4 <2.5 <3.1 <27 

'Values below the detection limit were assigned a value of 2 (half 
the MDL) for calculation of the mean. b Values in parentheses indicate 
the means. 

(Milwaukee, WI). HPLC-MS/MS measurement was per
formed using an Agilent HP1100 liquid chromatograph 
interfaced with LCQ TermoQuest (Finnigan, San Jose, CA) 
and M icromass (Beverly, MA) Quattro II mass spectrometer 
operated in the electrospray negative mode. Twenty micro
liters of the extract was injected onto a CAPCELL PAK C18 
column (2.0 mm i.d. ffi50 mm length, 3 fm; Shiseido Fine 
Chemicals, Tokyo, Japan) with 2 mM ammonium acetate/ 
methanol as mobile phase starting at 30% methanol. At a 
flow rate of 300 fUm in, the gradient was increased to 100% 
methanol at 10 min before reversion to original conditions 
at 18 min. The capillary was held between 1.6 and 3.2 kV. 
Desolvation gas flow was kept at 750 Llh, and desolvation 
tern peratu rewaskeptat420 °C.Conevoltagewaskeptat90, 
60,and50VforPFOS,PFHS,andPFBS,respectively.Collision 
energies were 33, 29, and 23 eV for PFOS, PFHS, and PFBS, 
respectively. The MS/ MS parameters were optimized to 
transmit the [M - K]- ion for PFOS using atmospheric 
pressure ionization, operated in the electrospray negative 
ion mode. Ions were monitored using selected reaction 
mon itori ngfor ions499and 99forq uantitativedeterm i nation 
of PFOS, m/z 399 and 99 for PFHS, and m/z 299 and 99 for 
PFBS. 

Data quality assurance and quality control protocols 
included matrix spikes, laboratory blanks, and continuing 
cal ibrationverification. Matrixspi keswereanalyzedforeach 
sam pletypean dspecies.B I an kswereanalyzedwith each set 
ofwateran d tissuesam plesasacheckfor possible laboratory 
con tam i nationand i nterferences.Bianksd id n otcontai nany 
interference. Recoveries of PFOS, PFHS, and PFBS spiked 
in tod isti lledwatersam plesand passed through theanalytical 
procedureswere101,154,and113%( n) 3each),respectively. 
Recoveries of PFOS, PFHS, and PFBS spiked into blood and 
I ivermatriceswere85,87,and61 %( n ) 4each),respectively. 
Reported PFOS concentrations were not corrected for 
recovery. The limit of detection (LOD) was variable, depend
ing on the matrix used. The LODs for PFOS, PFHS, and PFBS 
in water samples varied from 4 to 9, 4 to 11, and 39 to 60 
ng/L, respectively. The LODs of PFOS in liver tissues varied 
from 1 to4ng/g,wetwt.TheLODsforPFHSandPFBSvaried 
from 2 to 200 ng/g, wet wt, depending on the sample. 

PFOS was found in nine of the 25 surface water samples at 
levelsabovetheLOD .PFOSwasdetected i nail ofthesu rface 
seawatersam plescollected from T okyoBay ,atconcentrati ons 
ranging from 8 to 59 ng/L (mean; 26 ng/L) (Table 1 ). PFHS 
and PFBS were not detected in any of the water samples 
analyzed. The measured concentrations of PFOS in Tokyo 
Bay water samples were similar to those reported (17- 54 
ng/L) for waters collected upstream of a fluorochemical 
manufacturing facility in the Tennessee River in the United 
States but lower than concentrations downstream (75- 144 
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ng/L)ofthatfl uorochem ical man ufacturi ngfaci I ity( 13).The 
highest PFOS concentration, 144 ng/L, measured in the 
Tennessee River was 2.4-fold greater than the highest 
concentration found in Tokyo Bay. Similarly, PFOS concen
trations in our seawater samples were 3-4 orders of 
magnitude lower than those reported ( <0.1 -2210 fg/L) for 
water samples collected after a spill of fire-fighting foam in 
Etobicoke Creek near Toronto, Canada (14). PFOS was not 
found in Hiroshi maBay(Seto In landSea),Ki n Bay(Okinawa), 
Ish ikariBay( Hokkaido ),orLakeSh i kotsu ( Hokkaido ). Higher 
concentrations of PFOS in Tokyo Bay relative to other 
locations in Japan indicate that the chemical sources are 
concentrated in industrialized and urbanized areas. Tokyo 
Bay receives discharges of waters from several rivers, includ
ing the Tama River, which flows through suburban and 
metropolitan areas of Tokyo. Discharge of industrial and 
municipal wastewaters is suspected as a source of fluoro
chemicals found in surface and coastal waters analyzed in 
this study. A nationwide survey of PFOS in freshwaters 
conducted recently i nJapanshowed that the TamaRiverhas 
the highest concentration, 157 ng/L, whereas surface waters 
from coastal locations contained PFOS concentrations at 25 
ng/L( 15).Theh ighestconcentration ofPFOSfou nd in Tokyo 
Baywateri n ourstudywasapproxi mately20-fold lowerthan 
the drinking water health advisory level of 1 fg/L (13). 

PFOS was found in all blood and liver samples analyzed 
from fish (n ) 78; Table 2). Fish collected from Tokyo Bay, 
Osaka Bay, and Lake Biwa contained greater concentrations 
of PFOS than those from Hiroshima Bay. Concentrations of 
PFOS in blood and in liver of fishes ranged from 1 to 834 
ng/mL and from 3 to 7900 ng/g, wet wt, respectively. 
Concentrations of PFOS varied more than 100-fold, depend
i ngon thespeciesan d I ocati on. Fori nstance,concen trati ons 
of PFOS in the blood of Japanese stingfish collected from 
Tokyo Bay ranged from 2 to 488 ng/ml. The highest 
concentrations, 834 ng/mL in blood and 7900 ng/g in liver, 
were respectively found in bluegill (Lepomis macrochirus) 
from Lake Biwa and ornate jobfish (Pristipomoides argyro
grammicus) from Kin Bay (Okinawa). Both of these species 
arecarn ivorous, near-bottom feeders.An electricpowerplan t 
andanarmybase(U .S. Mari neCorps)arelocatedatKi n Bay. 
Use of PFOS in fire-fighting operations on army bases may 
pro vi dea possi blesou rceofPFOSi n Kin Bay .Perf I uoroal kane 
su lfonatesaltsand perf I uorocarboxylatesarepresent i nAFFF 
fire-fighting foam formulations (7). AFFFs are found at 
military bases, fire departments, and airports, where large 
volumes of flammable liquids, and the potential for a major 
fire, exist. Further investigation is necessary to identify and 
confirm the presence of PFOS-related sources in Kin Bay. 
The coastal water samples (n ) 4) collected in Kin Bay did 
not contain measurable PFOS concentrations. 

The ratios of concentrations of PFOS between liver and 
b loodsam plesfro m fishvariedwidelyfrom 0.02to 179( mean; 
19). Concentrations of PFOS in livers of ornate jobfish 
collected from Kin Bay were 170-fold higher than blood 
concentrations. Alternatively, fishes collected from Tokyo 
Bay and Osaka Bay contained higher PFOS concentrations 
in blood than in I iver. Th ismaybei nd icativeofi neq u iIi bri u m 
in PFOSconcentrationsbetween liver and blood, indicating 
an ongoing exposure of fish to PFOS. Liver to blood 
concentration ratios increased with increasing hepatic 
concentrations of PFOS (Figure 2). Water-borne exposure of 
rainbow trout to PFOS has been shown to result in a higher 
accumulation in blood than in liver (16). Additionally, the 
distribution of perfluorinated acids among various tissues 
hasbeen I i nkedtothepresenceoffattyacid bind i ngprotei ns 
(17). 

PF HSwasdetected in app rox i mately33%ofthefish b I ood 
samples. Fishes from Tokyo Bay and Osaka Bay contained 
measurable concentrations of PFHS. The maximum con-
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centrations of PFHS found in blood and liver, respectively, 
were 121 ng/mL and 19 ng/g, wet wt. However, no PFBSwas 
found in any of the fishes analyzed. Concentrations of PFOS 
i nfish from Tokyo Bay were relatively h igherthan levelsthat 
have been found ( < 17-380 ng/g, wet wt, in livers) in some 
fish sam p lesfro m theGreatLakesregi on oft he U n itedStates 
(1). Similarly, the concentrations of PFOS in livers of fishes 
from Tokyo Bay were greater than those that have been 
reported for bluefin tuna and swordfish from the Mediter
ranean Sea (6). 

The spatial distribution in the concentrations of PFOS in 
Japanese fish and water samples is shown in Figure 3. To 
calculate the bioconcentration factor (BCF: ratio of con
centration in fish to concentration in water) for PFOS in fish 
I iver tissue, we uti I ized the data for the water sam pies that 
had been collectedsi m u ltaneouslywith the fish to besam pled 
from various locations. Although concentrations in whole 
fish are appropriate for the calculation of BCF, whole fish 
were not analyzed in this study. Nevertheless, the fact that 
PFOS is preferably concentrated in liver together with the 
availability of laboratory-derived I iver BCFs ( 16), enabled an 
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lJ8.E 2. OJ m ltratials d Perflwmlk<re SJiblates in l..i\er (rgtg, VIet wt) em Blocd (rgtrt.) d FISI'lls OJIIected in Jcpl1 

location species tissue n PFOS PFHS PFBS 

Tokyo Bay Common seabass liver 3 37-144 (85)8 4-10 (7) <138 
(Lateolabrax japonicus) 

blood 3 30-146 (91) 4 (4) <16 
Conger eel liver 1 558 18 <151 
(Conger myriaster) 

blood 1 489 121 <61 
Flatfish liver 2 158-198 (178) 7-19 (13) <142 
(Pieuronectiformes pleuronectidae) 

blood 2 74-194 (134) 28-38 (33) <21 
Japanese stingfish liver 2 38-192(115) < 11 (8.8) <67 
(Sebastiscus marmoratus) 

blood 2 2-488 (245) <2-4(2.5) <13 
Rockfish liver 3 62-70 (64) 9b <85 
(Sebastes inermis) 

blood 3 63-176 (123) 2-5 (4.1) < 11 
Osaka Bay Black seabream liver 1 6 <6.1 <43 

(Acanthopagrus schlegeli) 
blood 1 29 <3 < 11 

Common seabass liver 2 3-4 (4) <5.7 <40 
(Lateolabrax japonicus) 

blood 2 104-142 (123) 3.6-3.8 (3.7) <8 
Japanese scad liver 2 4-14 (9) <7.6 <53 
(Trachurus japonicus) 

blood 2 108-238 (170) <2.7 <15 
White croaker liver 2 12-16 (14) <5.7 <40 
(Argyrosomus argentatus) 

blood 2 33-50 (42) <2.8 <10 
Lake Biwa Blue gill liver 2 254-310 (282) <5.2 <36 

(Lepomis macrochirus) 
blood 2 455 - 834 (645) <4.3 <15 

Largemouth bass liver 2 159-309 (234) <5.8 <40 
(Micropterus salmoides) 

blood 2 322-317 <4.3 <15 
(320) 

Carp liver 2 3-4 (4) <6.2 <43 
(Cyprinus carpio) 

blood 2 68-77 (73) <4.3 <15 
Hiroshima Bay Black scraper blood 2 31 -35 <5.5 <14 

(Thamnaconus modestus) (33) 
Blake seabream blood 2 30-31 <5.5 <14 
(Acanthopagrus schlegeli) (31) 
Filefish blood 2 33-66 <5.5 <14 
(Stephanolepis cirrhifer) (35) 
Gizzard shad blood 23 <5.5 <14 
(Konosirus punctatus) 
Japanese scad blood 2 7- 19 1 (1) <9 
(Trachurus japonicus) (13) 
Red lip mullet blood 2 23-47 jC <14 
(Liza haematocheila) (35) 
Red seabream blood 2 17-41 <5.5 <14 
(Pagrus major) (29) 
Yellowfin sea bream blood 27 <5.5 <14 
(Acanthopagrus schlegeli) 

Ariake Bay Lefteye flounder liver 2 30-199(115) NAd NA 
(Paralichthys olivaceus) 

blood 2 7-50 <0.7 -11 (5.7) <7.5 
(29) 

Okinawa (Kin Bay) Giant trevally blood 3 15-24 <1.93 <23 
(Caranx ignobilis) (19) 
Ornate jobfish liver 4 593- 7900 (3250) NA NA 
(Tropidinius amoenus) 

blood 3 4-21 (9.7) NA NA 
Perth herring blood 1 1 <4.4 <53 
(Nematalosa come) 
Yellowfin tuna blood <2.2 <27 
(Thunnus albacares) 

' Valuesi n parenthesesindicatethe means. b Onesam pleabovethedetection li mit;othershad detection lim itsof14and26ng/g. 'Onesample 
above the detection limit, another sample with an LOD of 5.5 ng/ml. dNA ) not analyzed. 

approxi matecom parison. ConcentrationsofPFOSmeasu red Based on these data, BCF for PFOS in livers of fishes ranged 
in the livers of fishes collected from Tokyo Bay, Osaka Bay, from274to41 600(mean ;8540). Thecorrespond i nglogBCF 
and LakeS iwa,an d thecorrespon ding mean concentrations values in fishes were 2.4- 4.6 (mean; 3.9). BCFs of PFOS in 
of PFOS in water, were used for the calculation (Figure 3). the livers of common shiner (Notropuscornutus) collected 
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lJ8.E 3. OJ m ltratials d Perflwmlk<m SJiti:mtes in l..iwr (rgtg, vwt wt) em Blocd a Senm d [rgtrt.J Birds, Pet klimls, 
em 1-l.nm \AJiuteers OJIIected tn:m tt-e T~ ~Area 

species tissue n PFCS PFHS PFBS 

carrion crow liver 6 68-1200 <5.7 <45 
(Corvus corone) (464)8 

blood 5 11 -150 <1 NAd 
(56) 

mallard liver 493 <5.5 <44 
(Anas platyrhynchos) 

blood 1 130 9 NA 
pintail duck liver 2 239-497 2.6b <45 
(An as acuta) (368) 

blood 2 84-167 6-20 NA 
(126) (13) 

sea gull (Larus crassirostris)0 liver 1 230 <7.5 NA 
black-eared kite (Milvus lineatus) liver 1 180 <7.5 NA 
common cormorant (Phalacrocorax carbo) liver 10 390 (170- 650) <7.5 -10b NA 
domestic duck (pet bird) blood 2 0.3- 1 (0.65) NA NA 
(Anas platyrhynchos var. domestica) 

serum 2 6-9 (7.5) NA NA 
rabbit (pet animal) serum 3 <0.1-0.4 (0.17) NA NA 
(Oryctolagus cuniculus) 
human blood 3 I 5-14(11) <2.7 <19 

serum 3 I 19-41 (27) <2.7 <19 
blood 5 I 2.4- 8.6 (5.9) < 1 - 3.8 (2.0) NA 
blood 2? 9.1 - 11 < 1- 1 NA 

'Values in parentheses indicate the means. bOne sample above the LOD, another sample with a LOD of 5.5 ng/g, wet wt. 'From ref 22. dNA 
) not analyzed. 

from Etobicoke Creek in Toronto, Canada, ranged between 
6300 and 125 000 (14). The highest BCF in our study, 41600, 
was found in bluegill collected from Lake Biwa. The average 
water concentration of PFOS in Lake Biwa was 7.4 ng/L, 
whereastheconcen trati ansi n the I iversofbl uegi II from that 
lake ranged from 254 to 310 ng/g, on a wet weight basis. The 
meanBCFforPFOSinfishesfromTokyoBaywas5500(1400 
21 100), which is similar to the laboratory-derived value of 
5400 that has been reported for the liver of rainbow trout 
exposed to PFOS (16). The calculated field-based BCFs for 
PFOS were greater than those reported for chlorophenols 
and PAHs but less than those obtained for more highly 
chlorinated PCBs and DDT (18, 19). BCFs for PFOS were 
com parableto, orgreaterthan, val uesthat have been reported 
foran ion icl i nearalkyl benzenesu lfonates(6 - 990;1aboratory 
based) in fathead minnows (20). Nevertheless, it should be 
noted that the mechanisms of bioconcentration and the 
com partmentsofaccu m u lation ofneutral organ icpoll utants 
such as PCBs and DDT are different from those of ionic 
compounds such as PFOS. 

PFOS was also found in the blood of Japanese human 
volunteers, at concentrations ranging from 2.4 to 14 ng/mL 
(Table 3). The mean PFOS concentration in blood samples 
from adult females was 10 ng/mL (n ) 2), whereas the level 
in males (n ) 8) was 8 ng/mL. There was no significant 
correlation between PFOS concentration in blood and age 
of the donor (Figure 4). Concentrations of PFOS were 
measured in the serum of three individualsand were 1.4-
4-fold (mean; 2.5) greater than concentrations in the cor
responding whole blood samples. The measured range of 
PFOS concentrations was similar to the range of 2-20 ng/ 
mL that has been reported previously (21). Concentrations 
of PFOS ranging from 6.7 to 82 ng/mL have been reported 
in the sera of United States citizens (2). Assuming that 
concentrations of PFOS in serum were 2.5-fold greater than 
concentrati ansi nwholebl ood, the mean PFOSconcentration 
in sera of Japanese volunteers can be estimated to be 21 
ng/ml. This is slightly lower than the average concentration 
of 28 ng/mL, that was reported for United States citizens (2). 
PFHS was also found in the humans in our study at 
concentrations ranging from 1 to 3.8 ng/mL. These results 
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provide baseline data on the extent of PFOS exposure of 
Japanese citizens; however, the number of human samples 
in our study was small, and the results may not reflect 
exposures in general Japanese population. Further studies 
with largern u m bersofsam plesare necessary to understand 
thesou rcesand pathwaysofexposu resan d thelevelsofrisk. 

Birds (carrion crow, mallard, and pintail duck) and pets 
(rabbit and domestic duck) contained detectable concentra
tionsofPFOSin liverand blood.l nthebirds,concentrations 
in I iversweregreaterthan th osedeterm i ned in corresponding 
blood samples. Occurrence of PFOS in pet animals suggests 
exposure from food sources. Mallard ducks may be exposed 
to PFOS via fish meal, which may be incorporated in their 
diet. Perfluorinated compounds, as perfluoroalkylated or
ganophosphates, have been reported to be impregnated/ 
used in fold i ngcartonsusedforpetfoodsuppl ies( 9).Carrion 
crows, which are omnivorous birds, that consume a diet 
ranging from worms, insects, fruits, and seeds to kitchen 
scraps, had PFOS concentrations ranging from 11 to 150 ng/ 
mL(mean;56)i n thei rbloodandfrom68to 1200ng/g( mean; 
464) in I iversamples. These concentrations of PFOS in I ivers 
of carrion crows were similar to the liver concentrations 
reported for several fish-eating water bird species collected 
from around Tokyo Bay (22). Overall, these results provide 
thefi rstevi denceofthe p resenceofPFOSi nsu rfaceseawater 
and in coastal fishes from various locations in Japan. 
Furthermore, field-based BCFs of PFOS in livers of fishes 
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have been reported. Additional studies are needed to 
characterize the exposure routes and fate of perfluoro
chemicals in the environment. 

~ 
This study was carried out with the financial support of the 
New Energy and Industrial Technology Development Or
ganization (NEDO) of Japan. 
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Perfluorinated surfactants have emerged as priority 
environmental contaminants due to recent reports of their 
detection in environmental and biological matrices as 
well as concerns regarding their persistence and toxicity. 
In June 2COO, 22COO L of fire retardant foam containing 
perfluorinated surfactants was accidentally released at 
L B. Pearson International Airport, Toronto, ON, and 
subsequently entered into Etobicoke Creek, a tributary to 
Lake Ontario. A suite of analytical tools that include liquid 
chromatography/tandem mass spectrometry (LC/MS/MS) 
and 1~ NMR were employed to characterize fish (common 
shiner, Notropus cornutus) and surface water samples 
collected following the discharge of the perfluorinated 
material. Total perfluoroalkanesulfonate(4, 6, and 8 carbons) 
concentrations in fish liver samples ranged from 2.00 to 
72.9 iglg, and total perfluorocarboxylate (5 -14 carbons) 
concentrations ranged from 0.07 to 1.02 i gig. In addition to 
fish samples, total perfluoroalkanesulfonate (6 and 8 
carbons) concentrations were detected in creek water 
samples by LC/MS/MS over a 153 day sampling period with 
concentrations ranging from <0.017 to 2200 ig!L; 
perfluorooctanoate concentrations ( < 0.009 - 11.3 i giL) 
were lower than those observed for the perfluoroalkane
sulfonates. By 1~ NMR, the total perfluorinated surfactant 
concentrations in surface water samples ranged from 
< 10 to 17000 i giL. A bioaccumulation factor range of 6300-
12[0)) was calculated for perfluorooctanesulfonate, 
based on concentrations in fish liver and surface water. 
The residence time of perfluorooctanesulfonate in Etobicoke 
Creek as well as the high bioaccumulation in fish liver 
suggests that perfluorinated surfactants will persist and 
bioaccumulatefollowingreleaseintotheaquaticenvironment. 
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lJ8.E 1. ExaTpes d PerHLJJiinaiEd s..fadalls vvith 
klayrs em lllblect.jar Fonrulas 

canpouncl 

perf I u o roalkanesu lfo nates 
perfluorooctanesulfonate anion 
perfluorohexanesulfonate anion 
perfluorobutanesulfonate anion 

perf I u o rocarbo xylates 
perfluorotetradecanoic acid anion 
perfluorododecanoic acid anion• 
perfluoroundecanoic acid anion 
perfluorodecanoic acid anion 
perfluorononanoic acid anion• 
perfluorooctanoic acid anion 
perfluoroheptanoic acid anion 
perfluorohexanoic acid anion 
perfluoropentanoic acid anion 

acronym 

PFOS 
PFHxS 
PFBS 

PFTA 
PFDoA 
PFUnA 
PFDA 
PFNA 
PFOA 
PFHpA 
PFHxA 
PFPeA 

molecular 
formula 

CsF17S03-

C6F13S03-

C4FgS03-

C13F27coo

C11F23coo

C10F21coo

CgF19coo

CsF17coo

c7F15coo

C5F13coo

C5F11coo

C4FgCOO-

'Compound employed as an internal standard for study. 

lntn:xtdial 
Concerns regarding the environmental persistence and the 
potentialforbioaccu m u lation oftwoan ion icperfl uori nated 
surfactantss perfluorooctanesulfonate (PFOS, Table 1) and 
perfluorooctanoic acid (PFOA, Table 1) s prompted the 
primary manufacturer to phase out their production (1- 4). 
The decision by the primary manufacturer to reduce 
production of commercial products was due in part to the 
detection of PFOS concentrations (10- 100 fg/L) in human 
blood samples from the United States, Japan, Europe, and 
China (2, 5) and in biota samples (1, 6, 7). The PFOS 
concentrations measured in a variety of biota and environ
mental samples have raised questions concerning the mech
anism(s) for their widespread dissemination of PFOS. 

Perf! uori natedsu rfactan tsareem p loyed fori nd ustrialand 
commercial applications and are used in lubricants, paints, 
polishes, food packaging, and fire-fighting foams (8- 11). 
PFOS is an important perfluorinated surfactant as well as a 
precursor to other perfluorinated surfactants (12). In 2000, 
the estimated annual U.S. production quantityofPFOSwas 
2,943,769 kg, and as a result of the primary manufacturer's 
phaseout, theanticipated2003ann ual U .S.PFOSproduction 
will be 0 kg (13). 

Perf I u oroal kanesu lfo natesaltsan d perf I u orocarboxylates 
are present in fire-fighting foam formulations, including 
aqueous film forming foams (AFFFs) (14, 15). AFFFs are 
proprietary mixtures used to extinguish hydrocarbon fuel 
fires and are often found where there are large volumes of 
flammable liquids and the potential for a fire exists. For 
example, AFFFs are found at U.S. military bases, fire 
departments, and airports ( 14). Other components of AFFFs 
include diethylene glycol butyl ether, hydrocarbon surfac
tants,andcorrosion inhibitors( 14).Yearsofemployi ngAFFFs 
in a variety of situations has resulted in these fire-fighting 
foam com ponentsbei ngd i rectlyreleased totheenvi ron men t 
and the contamination of groundwater (14, 16- 22). 

Historically, perfluorinated surfactants, including PFOS 
and PFOA, were detected by nonspecific methods (23- 25) 
suchastheoxyhydrogen torch method( 26).Employi ngl iqu id 
ch ro matograp hy I massspectro metry(LC/ MS) permitted the 
compound-specific detection of perfluorinated surfactants 
in abiotic and biotic matrices (5). Recently, concentrations 
of PFOS, perfluorohexanesulfonate (PFHxS, Table 1 ), PFOA, 
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FIGURE 1. Map of study region indicating location of Etobicoke Creek, fish and surface water sample sites, and Lake Ontario. 

and perfluorooctanesulfonylamide were reported in 65 
nonoccupationally exposed human sera samples by liquid 
chromatography/tandem mass spectrometry (LC/MS/MS), 
withPFOSconcentrationsrangingfrom6.7to81.5 fg/L( 27). 
Using similar LC/MS/MS methodologies, PFOS concentra
tions were measured in liver and sera of wildlife species 
(6, 7, 28); some of the highest concentrations of PFOS from 
the data sets (6) were observed in bald eagle serum (n ) 26, 
average) 360ng/mL)and minklivertissue(n) 18,average 
) 2630 ng/g). 

In addition to PFOS concentrations present in biological 
matrices,al i m ited n u m berofmeasu rem en tsofsu rfacewater 
concentrations by LC/MS/MS have been reported. For 
example, two Alabama sample locations in Decatur and 
Mobile had surface water concentrations ranging from the 
methodquantitation I im it(25ng/L)to114ng/L( 29).Surface 
water sampled near a Columbus, GA, water works' facility 
containedmaximumPFOSconcentrationsof83.3ng/L( 29). 
Bothsu rfacewatersam pi i nglocationswerei n theproxi m ity 
ofperfl uori natedsurfactant-related man ufactu ri ngfaci I ities 
(29),and becauseoftheproxi m itytosuchfaci I ities, thePFOS 
concentrations may not necessarily be indicative of back
ground concentrations. 

The characterization of Etobicoke Creek (Toronto, ON) 
wasi n itiated thedayafteranaccidental releaseofam u lti pie 
perfl uori natedsu rfactan tfi re-fighti ngfoam product. Theai m 
of this investigation was to determine perfluoroalkane
sulfonate and perfluorocarboxylate concentrations and 
eva I uatethei rresi denceti mean d I ong-term fate in Etob icoke 
Creek. Specifically, in this paper, we detail (1) perfluoroal
kanesulfonate and perfluorocarboxylate concentrations by 
LC/ MS/ MSi n bi otaandsu rfacewatersam plescollected from 
Etobicoke Creek and (2) total perfluorinated surfactant 
concentrations in surface water samples collected from 
Etobicoke Creek by 19F NMR. 
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BqJerimltal Sectial 
Standards and Reagents. Standards of potassium perfluo
robutanesu lfonate, potassium perfluorohexanesu lfonate 
(99.9%), and potassium perfluorooctanesulfonate (86.4%) 
wereprovided bythe3M Co.Standardsofperfl uoropen tano ic 
acid (PFPeA, 97%), perfluoroheptanoic acid (PFHpA, 99%), 
PFOA (98%), perfluorononanoicacid (PFNA, 97%), perfluo
rodecanoic acid (PFDA, 98%), perfluoroundecanoic acid 
(PFUnA, 95%), perfluorododecanoic acid (PFDoA, 95%), 
perfluorotetradecanoic acid (PFTA, 97%), and perfluoro
octanesulfonate tetraethylammonium salt (98%) were pur
chased from Aldrich Chemical Co. (Milwaukee, WI), and 
perfluorohexanoic acid (PFHxA, 95%) was obtained from 
Oakwood Research Chemicals (West Columbia, SC). Am
monium acetate (98%) and tetrabutylammonium hydrogen 
sulfate (TBAS) were purchased from Aldrich Chemical Co., 
anhydrous sodium carbonate (99.8%) was purchased from 
J. T. Baker (Phillipsburg, NJ), and methyl tert-butyl ether 
(MTBE)waspurchasedfromEMScience(99.5%,Gibbsburg, 
NJ). The 19F NMR internal standard, 4'-(trifluoromethoxy)
acetanal ide (TFMAA), N MR solvent methyl-d4 alcohol, and 
chromium acetylacetonate were purchased from Aldrich 
Chemical Co. (Mississauga, ON, Canada). All reagents and 
solvents were used as received. 

Spill Description and Environmental Conditions. On 
June 8, 2000, a fire alarm malfunctioned at an airline hanger 
at the L. B. Pearson International Airport, Toronto, ON, 
Canada. The malfunction released 22000 L of fire retardant 
foam and 450000 L of water from the sprinkler system into 
storm sewers, leading to Spring Creek (approximate travel 
distance of 1.8 km) and subsequently to Etobicoke Creek, 
which empties into Lake Ontario (Figure 1) (22). The 
approximate travel distance of the released material from 
the airport to Lake Ontario was 15 km. 

An AFFF Material Safety Data Sheet (MSDS) ( 15) for a 
com pou ndsi m i lari ncom position totheAFFF material used 
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at the airport states that perfluoroalkanesulfonate salts 
comprise 0.5- 1.5% of the AFFF concentrate formulation. 
With the volume released (22000 L) and the approximate 
density of the concentrate equal to 1 g/ml ( 15), the quantity 
of perfluoroalkanesulfonatesalts released into the environ
ment from this spill ranged from 110 to 330 kg. Residual 
organofl uorochem icals, which perfl uorocarboxylates are 
believed to be one of, comprise <1% of AFFF formulations 
(15). On the basis of MSDS information (15), the total 
estimated quantity of perfluorinated compounds, including 
an ion icandam photericperfl uori natedsurfactants, released 
into the environment from this spill was 330-1650 kg. 

Forthemonth ofJu ne,apreci pitation mon itori ngstation 
at the airport measured a total of 169.2 mm of rain. From 
June 8 (date of spill) to June 29,2000 (21 days after spill), the 
total rai nfallwas163.2m m .Additionally ,severalstormsewers 
for the city of M ississauga, ON, empty into Etobicoke Creek, 
thereforei ncreasi ngthevol u meofwater in Etob icokeCreek. 
The water levels and flow rate obtained from a monitoring 
station located i 2 km south ofsamplesite 5 (Figure 1) were 
used to estimate the volume of water in Etobicoke Creek 
during June. 

Sample Collection. On June 29, 2000, fish samples 
(denoted airport 1- 6) were electroshocked and collected 
with inl.B.Pearson I nternationaiAirportproperty.Add itional 
fish were collected on January 4, 2001; two minnow traps 
wereplaced north oftheai rportandthespi ll,and th reewere 
p lacedso uth oftheai rport( nearsam p lesite2; Figure 1 ). The 
trapswereretrieved on Jan uary5,2001, with one fish (denoted 
upstream 1) collected from the north site and two fish 
(combined intoonesam pledenoteddownstream 1 )collected 
from the southern location. All fish collected were identified 
as common shiner (Notropuscornutus) and weighed from 
3to8g. On lythe I ivertissueswere used foranalysesbecause 
previous,prel i m i naryfi nd i ngsi nd icatedPFOSaccu m ulated 
in I iver tissue ( 30). Tissues were analyzed immediately after 
sampling or kept frozen prior to analysis. 

It has been reported that perfluoroalkanesulfonatesand 
perfluorocarboxylatesmayadsorbtoglass( 31);therefore,all 
surface water samples were collected in high-density poly
ethylene bottles. Surface water samples were collected over 
a period of three weeks after the spill; an additional suite of 
samples was collected November 8, 2000. Sample site 1 
(Figure 1), which is upstream of the airport and the AFFF 
sp iII, wascollectedasbackgrou ndsu rfacewater. Thesu rface 
water samples were grab samples from midchannel and 
stored without preservation at 4 ac prior to analysis. 

Forsam pi i ngprotocoland methodologies,carewastaken 
toavoi dsam p lecon tactwi th polytetrafl u oroethylene, which 
is known to contain one or more of the analytes of interest 
(21). 

Biota Sample Analysis by LC/MS/MS. Fish livers (50-
100 mg) were isolated and homogenized in 2- 3 ml of 0.25 
M sodium carbonate and 1 ml of0.5 M TBASto disrupt cells 
and form the respective ion pairs (27). The aqueous homo
genate was shaken twice for 10 min with 5 ml aliquots of 
MTBE; the combined MTBE extracts were taken to dryness 
withN 2andreconstituted in 1 - 2mlof50:50water/methanol. 
Eachsamplewasfiltered(0.2 fmnylonfilters)priortoanalysis 
by LC/MS/MS. Perfluoroalkanesulfonate and perfluorocar
boxylate concentrations in fish tissue extracts were deter
mined by LC/MS/MS employing instrumental conditions 
similar to those described in Moody et al. (32). Quantitation 
was performed by standard curve analysis of spiked water 
samples extracted in the same manner as the fish tissue, 
with PFNA or PFDoA employed as the internal standard. 
Fish liver tissue recoveries for all target analytes were 
quantitative( >80%)( 33).Aqueousblanksand matrix blanks 
(100 mg of farm-raised rainbow trout liver) were analyzed 
simultaneously with each set of tissue samples to monitor 

forcontam i nation .The method detection I i m itsweredefi ned 
as 3.6 and 1.2 ng/g for PFOS and PFOA, respectively, for a 
100 mg wet weight liver tissue sample. 

Surface Water Analysis by LC/MS/MS. Perfluoroalkane
sulfonate and perfluorooctanoate concentrations in surface 
water were measured according to the method of Moody et 
al. (32). Briefly, solid phase extraction cartridges (C-18) were 
used to extract perfluoroalkanesulfonates and perfluoro
carboxylates from surface water (0.2- 200 ml). The analytes 
were eluted from the cartridges with methanol, chromate
graphed using HPLC with a flow rate of 300 fllmin, and 
analyzed by negativeelectrospray ionization LC/ MS/ MS. For 
quantification of each compound, multiple reaction moni
toring was employed. The detection I im it of the method was 
defined as those concentrations of PFOS and PFOA needed 
to produce a signal-to-noise ratio (S/N) of 3:1. The instru
mental detection limitswere4and 1 pg forPFOSand PFOA, 
respectively (32). Method limits of quantitation for a 100 ml 
surface water sample by LC/ MS/ MS were 17 and 9 ng/L for 
PFOS and PFOA, respectively. Quantification of PFHxS was 
performed by assuming a response factor equal to an 
equimolar amount of PFOS. 

SurfaceWaterAnalysisby 19FNMR. Totalperfluorinated 
surfactantconcentrationsweremeasured usi ngthe 19FN MR 
methodofM oodyetal.( 32).Tosu m marize, thesurfacewater 
samples (2- 100 ml) were preconcentrated by employing 
solid phase extraction (C-18), and the analytes of interest 
we reel utedwith deuterated methanol and then analyzed by 
solution 19F NMR. Spectra were obtained on a Varian Unity 
500, three-channel spectrometer operating at 470.297 MHz 
at26 °C.Optimizedparametersincludedthe90 a pulsewidth 
of 10.5 sand the spectral window of -50 to -85 ppm. The 
total concentration of perfluorinated surfactants, which 
i ncl udePFOS,PFHxS,andPFOA, wasdeterm i ned byexternal 
calibration using known concentrations of PFOS and 4'
(trifl uoromethoxy)acetanal ide.On thebasisofanS/ Nof3:1, 
theinstru mentdetection I i m itwas0.25 f gl ml.Thedetection 
limit of the method was defined as those concentrations of 
PFOS needed to produce an S/N of 3:1 and was 10 fg/L for 
a 100 ml surface water sample. 

EtobicokeCreekBiotaSam pies. N i nefish I ivertissuesam pies 
collected from Etobicoke Creek were analyzed for perfluo
roalkanesulfonates and perfluorocarboxylates. Because of 
thei rsmallsize, two I ivertissuesam plescollected nearsam pie 
site 2 in January 2001 were pooled (sample denoted 
downstream 1 ).Bian k I ivertissue(farm-raised rain bowtrout) 
contained no detectable concentrations of perfluoroalkane
sulfonate or perfluorocarboxylate homologues. 

Atypicalch ro matogram i nd icatesthepresenceof multi pie 
perfluorinated compounds in extracted fish liver tissue 
(Figure 2) and clearly illustrates the homologue patterns 
observed for perfluoroalkanesulfonates and perfluorocar
boxylates. PFNA, m/z463, or PFDoA (m/z613, Figure 2) was 
employed as the internal standard for quantification; there
fore, no exposure data are reported for either of these 
compounds. 

Total perf I uoroalkanesu lfonateconcentrationsi n fish I iver 
tissue ranged from 2.00 to 72.9 fglg (Table 2). PFOS was 
detected in each fish liver sample and was the predominant 
homologue, comprising >99% of the total perfluoroalkane
sulfonate concentration. The concentrations of two smaller 
chain perfluoroalkanesulfonate homologues were signifi
cantly lower than PFOS concentrations; PFHxS concentra
tions were detected in six of the eight samples, ranging from 
0.011 to0.29 f g/g,andPFBSwasdetected in on lytwosam pies, 
atconcentrationsof0.0090and0.0077 fg/g.Thefishsample 
collected upstream of the airport, and the AFFF spill, had 
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FIGURE 2. Typical LC/MS/MS chranatogram of fish liver extract 
(sampleidentification: airport4)collecteddownstrecmoftheAFFF 
spill. The m.mbers listed at the right of each trace represent the 
parent ion (mlz) and the daughter ion (mlz) transition monitored for 
quantification. 

lJ8.E 2. lrdvid.al PerfiLDmlkalesulltnate ~ 
OJ m ltratials in FISh l..iwr TISSle ty I..D1\IS1\I5 

PFBS PFHxS PFOS 
sample 10• sample date (ig/g) (ig/g) (ig/g) 

airport 1 June 29, 2000 ndb 0.011 72.9 
airport 2 June 29, 2000 nd ndc 2.00 
airport 3 June 29, 2000 nd nd 32.4 
airport 4 June 29, 2000 nd 0.011 9.85 
airport 5 June 29, 2000 0.0090 0.062 30.0 
airport 6 June 29, 2000 0.0077 0.028 12.0 
upstream 1 Jan 5, 2001 nd 0.046 9.19 
downstream 1 d Jan 5, 2001 nd 0.29 39.9 

total 
(ig/g) 

72.9 
2.00 

32.4 
9.86 

30.1 
12.0 
9.23 

40.2 

'Airport samples collected within the boundaries of L. B. Pearson 
lnternationaiAirport,Toronto,ON,Canada. b nddenotesnondetectable. 
The detection limit for PFBS was 0.0038 !gig for a 100 mg wet weight 
tissuesam pie. ' nddenotesnondetectable.Thedetection lim itforPFHxS 
was0.0023 I gigfora 100 mg wetweig httissuesam pie. d Downstream 
1 concentration represents two pooled liver tissue samples. 

detectab leconcentrationsofPFOSandPFHxS, 9.19an d0.046 
fglg, respectively. 

Total perfluorocarboxylate concentrations in fish liver 
tissues ranged from 0.070 to 1.02 fglg, with a total average 
concentration of 0.388 fglg (Table 3). The higher chain 
perfluorocarboxylate homologues (i.e., PFDA) were pre-

do m i nanti n thefish I ivertissues, wherePFDAconcentrati ons 
comprised 23-46% of the total concentration. In previous 
surfactantstud iesh igherchai n homologues(i.e., 14carbons) 
of hydrocarbon surfactants partitioned into fish liver tissues 
at higher concentrations than lower chain homologues (34). 
The fish liver tissue collected north of the airport and the 
spill (upstream 1) had detectable concentrations of perfluo
rocarboxylates (PFHpA to PFTA), and the source(s) for these 
perfl uorocarboxylates is( are) uncertain. 

Etobicoke Creek Surface Water Sample Analysis by LC/ 
MS/ MS. Fifty-fou rsu rfacewatersam p leswereco llected from 
Etob icokeCreekan danal yzed forperfl u oroal kanesu lfo nates 
and perfl uorocarboxylates by LCI MSI MS. A chromatogram 
of PFOS, PFHxS, and PFOA (preconcentrated from surface 
water) was similar to those perfluorinated compounds 
extracted from fish I iver tissues (Figure 2) and previously 
analyzedAFFFconcentrates( 32).Thesurfacewatersamples 
from Etobicoke Creek had total perfluoroalkanesulfonate 
concentrations from non detectable (nd; I <0.017 !giL) to 
2260 fgll, with PFOS concentrations ranging from nd to 
2210 !giL (Table 4). Other perfluoroalkanesulfonate homo-
1 oguesobserved i nsu rfacewatersam pies, bu tn ot quantified, 
included perfluoroheptanesulfonate and PFBS. 

PFOAconcentrations ranged from nd (I <0.009 !giL) to 
11.3 fgll (Table 4). Lower chain perfluorocarboxylate ho
mologues, including PFHpA, PFHxA, and PFPeA, were 
observed qualitatively. It should be noted that PFOA was 
detected in surface water samples that were collected 
upstream of the AFFF spill at sample site 1, with a mean 
concentration of 0.02 fgll (Figure 3a). 

Theh ighestPFOS,PFH xS,and PFOAco ncentrati o nswere 
detected in surface water samples collected 1 day after the 
AFFF spill occurred (with the exception of sample site 6, 
Table 4). The response of PFOS, PFHxS, and PFOA concen
trations with time at sample site 4, which is I 8 km from the 
airport, is shown in Figure 3b,c. A small increase in 
concentration of total perfluoroalkanesulfonatesand PFOA 
was observed in surface water samples collected 21 days 
aftertheAFFFsp i II.Su rfacewatersam p lesthatwerecollected 
in November 2000 (153 days after the initial spill) contained 
detectable concentrations of PFOS and PFOA. Plausible 
reasons for the continued presence of perfluorinated sur
factants in Etobicoke Creek include additional releases of 
AFFF materials from fire-training exercises within the Eto
bicoke Creek region; residential, commercial, and industrial 
d ischargestothecreek;sed i mentsorpti on I desorption ;and I 
orhyporeiczonel ban kstoragean d release.Add itionally ,AFFF 
concentrate that remained in pipes and on other airport 
surfaces after the June 2000 spill may have been mobilized 
during large precipitation events. The PFOA concentrations 
(nd- 0.02 !giL) present in surface water samples collected 
153 days after the spill were similar to those levels measured 

lJ8.E 3. lrdvid.al PerfiLDtX:al'l:mylat ~ OJ mlbatials in FISh l..iwr TISSI.ES ty I..D1\IS1\I5 

PFPeA PFHxA PFHpA PFOA PFDA PFUnA PFTA total 
sample ID" sample date (ig/g) (ig/g) (ig/g) (ig/g) (ig/g) (ig/g) (ig/g) (ig/g) 

airport 1 June 29,2000 0.0046 0.020 0.016 0.011 0.048 0.029 0.0099 0.14 
airport 2 June 29,2000 ndb ndc 0.0046 0.0060 0.032 0.013 0.014 0.07 
airport 3 June 29,2000 0.0047 0.010 0.010 0.0086 0.045 0.036 0.012 0.13 
airport 4 June 29,2000 nd 0.0033 0.0082 0.011 0.067 0.057 0.0088 0.16 
airport 5 June 29,2000 0.013 0.040 0.048 0.040 0.13 0.093 0.029 0.40 
airport 6 June 29,2000 0.0091 0.027 0.038 0.036 0.14 0.083 0.034 0.36 
upstream 1 Jan 5, 2001 nd nd 0.10 0.088 0.19 0.18 0.25 0.82 
downstream 1 d Jan 5, 2001 nd nd 0.11 0.091 0.39 0.24 0.19 1.02 

' Ai rportsa m pies collected within the bo u n dariesofl. B. Pears an International Airport, Taro nto, ON ,Canada. b nddenotesnondetectable.The 
detection limit for PFPeA was 0.0024 !gig for a 100 mg wet weight tissue sample.' nd denotes nondetectable. The detection limit for PFHxA was 
0.0022 !gig for a 100 mg wet weight tissue sample. d Downstream 1 concentration represents two pooled liver tissue samples. 
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sample ID 

sample 1-1 8 

sample 1-2 
sample 1-3 
sample 1-4 
sample 1-5 
sample 1-6 
sample 2-1 
sample 2-2 
sample 2-3 
sample 2-4 
sample 2-5 
sample 2-6 
sample 3-1 
sample 3-2 
sample 3-3 
sample 3-4 
sample 3-5 
sample 3-6 
sample 6-1 
sample 6-2 
sample 6-3 
sample 6-4 
sample 6-5 
sample 6-6 
sample 9-1 
sample 9-2 
sample 9-3 
sample 9-4 
sample 9-5 
sample 9-6 
sample 13-1 
sample 13-2 
sample 13-3 
sample 13-4 
sample 13-5 
sample 13-6 
sample 17-1 
sample 17-2 
sample 17-3 
sample 17-4 
sample 17-5 
sample 17-6 
sample 21-1 
sample 21-2 
sample 21-3 
sample 21-4 
sample 21-5 
sample 21-6 
sample 21• 
sample 153-1 
sample 153-2 
sample 153-3 
sample 153-4 
sample 153-5 
sample 153-6 

PFHxS PFQSb PFOAb total 
sample date n (ig/L) (ig/L) (ig/L) (ig/L) 

June 9, 2000 1 
June 9, 2000 1 
June 9, 2000 1 
June 9, 2000 1 
June 9, 2000 1 
June 9, 2000 1 
June10,2000 1 
June10,2000 1 
June10,2000 1 
June10,2000 3 
June10,2000 1 
June10,2000 1 
June 11,2000 1 
June 11,2000 1 
June 11,2000 3 
June 11,2000 1 
June 11,2000 1 
June 11,2000 3 
June 14, 2000 1 
June 14, 2000 1 
June 14, 2000 1 
June 14, 2000 1 
June 14, 2000 1 
June 14, 2000 1 
June17,2000 1 
June17,2000 1 
June17,2000 1 
June17,2000 1 
June17,2000 1 
June17,2000 1 
June21,2000 1 
June21,2000 1 
June21,2000 1 
June 21,2000 1 
June21,2000 1 
June21,2000 1 
June 25, 2000 1 
June 25, 2000 1 
June 25, 2000 1 
June 25, 2000 1 
June 25, 2000 1 
June 25, 2000 1 
June 29, 2000 1 
June 29, 2000 1 
June 29, 2000 1 
June 29, 2000 1 
June 29, 2000 1 
June 29, 2000 1 
June 29, 2000 1 
Nov 8, 2000 1 
Nov 8, 2000 1 
Nov 8, 2000 1 
Nov 8, 2000 1 
Nov 8, 2000 1 
Nov 8, 2000 1 

ndc 
71.5 
134 
121 
ned 
nd 
nd 
3.45 
nd 
5.44 
8.22 
49.6 
nd 
nd 
3.44 
1.47 
5.74 
nd 
nd 
0.018 
0.042 
0.83 
0.22 
0.14 
nd 
0.67 
0.023 
0.027 
0.11 
nd 
nd 
0.034 
0.035 
0.046 
0.079 
0.12 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
0.024 
0.042 
0.23 
0.42 
0.091 
0.051 
nd 
nd 
nd 
nd 
nd 
nd 

nd 
739 
950 
995 
nc 
0.16 
nd 
89.2 
113 
126 
174 
2210 
nd 
1.73 
201 
66.7 
56.6 
nd 
nd 
0.55 
0.63 
9.11 
2.51 
2.66 
nd 
0.95 
0.55 
0.62 
1.21 
0.55 
nd 
0.34 
0.45 
0.48 
0.48 
0.91 
nd 
0.33 
0.36 
0.96 
0.41 
0.48 
nd 
0.33 
0.56 
4.39 
3.23 
1.18 
1.49 
nd 
0.28 
0.35 
0.44 
0.33 
0.19 

0.022 
4.68 
9.82 
10.6 
nc 
0.035 
0.011 
0.81 
0.61 
1.60 
2.49 
11.3 
0.028 
0.19 
0.51 
1.14 
1.89 
nd 
0.013 
0.055 
0.068 
0.16 
0.043 
0.057 
0.033 
0.047 
0.049 
0.070 
0.043 
0.033 
0.008 
0.048 
0.054 
0.063 
0.036 
0.047 
0.017 
0.043 
0.046 
0.073 
0.048 
0.045 
0.024 
0.075 
0.083 
0.19 
0.11 
0.022 
0.040 
nd 
nd 
0.02 
0.02 
0.02 
0.02 

0.022 
815 
1090 
1130 
nc 
0.20 
0.011 
93.5 
114 
133 
185 
2270 
0.028 
1.92 
205 
69.3 
64.2 
nd 
0.013 
0.62 
0.74 
10.1 
2.77 
2.86 
0.033 
1.67 
0.62 
0.72 
1.36 
0.58 
0.008 
0.42 
0.54 
0.59 
0.60 
1.08 
0.017 
0.37 
0.41 
1.03 
0.46 
0.53 
0.024 
0.43 
0.69 
4.81 
3.76 
1.29 
1.58 
nd 
0.28 
0.37 
0.46 
0.35 
0.21 

'Sample nomenclature. Sample 1-1 denotes the sample was 
collected 1 day after the spill (June 9, 2000) at sample site 1. b Total 
concentrationbyLC/MS/MSrepresentsthesummationofPFHxS,PFOS, 
andPFOAconcentrations( ig/L). 'nddenotesnondetectable.lnstrument 
detection limits (S/N > 3) for LC/MS/MS are 4 and 1 pg for PFOS and 
PFOA,respectively. d ncdenotesnotcollected. e Fromairportproperty. 

in Etobicoke Creek water collected upstream of the airport 
at sample site 1 (Figure 3a). 

The total mass of PFOS that flowed through sample site 
5 was estimated using PFOS surface water concentrations 
determined by LC/MS/MS and Etobicoke Creek flow rate 
data,wherethefl ow ratewasmeasu red approximate I yevery 
15 min throughout the month of June. It was assumed that 
the flow rate between the sampling station and sample site 
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RGU~ 3. (a) Time course of PFOA concentration in surface water 
l1f LC/MS/MS at sample site 1 with increasing time (days) from 
original spill and time course of perfluorinated compound con
centration in surface water l1f LC/MS/MS at sample site 4 with 
increasing time (days) from original spill (b) sunmation of PFOS 
and PFHxS and (c) PFOA. 

5wasequ ivalent.An i m portantassum ptionforthetotal mass 
calculation was that the concentration between sampling 
dates remained the same. As an example, between the time 
period of sample 3-5 (June 11, 2000) and sample 6-5 (June 
14, 2000), the concentration of PFOS in Etobicoke Creek was 
assu medto beeq ualtotheconcen trati on measured i nsam pie 
3-5. Because a surface water sample was not collected the 
day after the spill at sample site 5, an assumption was made 
to equate the PFOS concentration of sample 1-5 (not 
collected) to the PFOS concentration of the surface water 
sample collected the second day at sample site 6 (sample 
2-6). With these assumptions, the total mass of PFOS that 
passed through sample site 5 en route to Lake Ontario from 
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lJ8.E 5. Taal PerfiLDinated s.rractrt OJ m lbatim 
IRtennirm ty 1!l= NVR em I..D1'I/S1\I5 in a..ra:e Wiler 
5a'1lJies fn:ni a1 JfFF ~II 

distance total concn (i gfW by 
downstrean 

saJll>le ID' fran airport (km) saJll>le date 1!f" NMRh LC/MS/M5° 

sample 1-1 -3.9 June 9, 2000 ndd 0.022 
sample 1-2 4.1 June 9, 2000 3820 815 
sample 1-3 6.6 June 9, 2000 4900 1090 
sample 1-4 8.2 June 9, 2000 6000 1130 
sample 1-6 15 June 9, 2000 nd 0.20 
sample 2-1 -3.9 June 10, 2000 nd 0.011 
sample 2-2 4.1 June 10, 2000 311 93.5 
sample 2-3 6.6 June 10, 2000 417 114 
sample 2-4 8.2 June 10, 2000 539 133 
sample 2-5 9.7 June 10, 2000 900 185 
sample 2-6 15 June 10, 2000 17000 2270 
sample 3-1 -3.9 June 11, 2000 nd 0.028 
sample 3-2 4.1 June 11, 2000 nd 1.92 
sample 3-3 6.6 June 11, 2000 931 205 
sample 3-4 8.2 June 11, 2000 267 69.3 
sample 3-5 9.7 June 11, 2000 709 64.2 
sample 3-6 15 June 11, 2000 nd nd• 

'Sample nomenclature. Sample 1-1 denotes the sample was 
collected 1 day after the spill (June 9, 2000) at sample site 1. b Total 
concentration (ig/L) by 19F NMR represents the concentration deter
mined from the CF3 chemical shift, 1 -79 ppm. 'Total concentration 
by LC/MS/MS represents the summation of PFHxS, PFOS, and PFOA 
concentrations (ig/L). d nd denotes nondetectable. The 19F NMR detec
tion limit is 10 ig/L for a 100 ml aqueous sample. end denotes 
nondetectable.l nstru mentdetection li mits(S/N > 3)forLC/MS/MSare 
4 and 1 pg for PFOS and PFOA, respectively. 

June 9 to June 29, 2000, was calculated to be 289 kg. This 
calculationisreasonablegiventheestimatedquantities(110 -
330 kg) that entered Etobicoke Creek based on MSDS 
information and original spill volume (15, 22). 

Etobicoke Creek Surface Water Sample Analysis by 19F 
N MR. I nadd itiontoanalysisbyLC/ MS/ MS, thesurfacewater 
samples collected from Etobicoke Creek were analyzed by 
19F NMR. Total perfluorinated surfactant concentrations 
ranged from nd ( < 10 fg/L) to 17000 fg/L (Table 5). Because 
surface water samples collected 6 days after the spill did not 
contai nanyq uantifiab leperfl u ori natedsu rfactantsusi ngth is 
method, no further analysis was performed by 19F NMR. 

Although there were discrepancies between the total 
perfl u ori natedsu rfactantco ncentrati onsdeterm i ned bythe 
twoindependentmethods, thechangesi n total perfl uori nated 
surfactant concentration trends were similar. Observed 
discrepancies may be attributed to the presence of other 
surfactants in the surface water samples that would give a 
19F NMRspectrum similar to that of PFOS and PFOA, such 
as an amphoteric fluorinated surfactant with a CF3 group 
contributing to the 19F NMR spectra (32). 

PFOS Bioaccumulation Factor. To calculate a bioaccu
mulation factor (BAF) range for PFOS in fish liver tissue, we 
utilized the environmental data collected from Etobicoke 
Creek, including the average surface water PFOS concentra
tion from the 153 day sampling point (0.32 fg/L) and the 
PFOSconcentration i nfish I ivertissuecollecteddownstream 
of the airport in January 2001 (downstream 1, 39.9 fg/g) and 
the lowest PFOS concentration detected in fish liver tissue 
(airport 2, 2.00 fg/g). The latter sample concentrations were 
selectedforcalcu latingafield-basedBAFto minim izeeffects 
of the initial spill. Thus, we assumed the fish were in 
equilibrium with the creek water 7 months after the spill. 
The BAF range for PFOS in fish I iver tissue was calcu Ia ted to 
beapproximately6300 -125000.Thelackofquantifiablecreek 
water concentrations for the higher chain perfluorocarbox
ylates precluded the calculation of BAFs. 

Currently, there are no bioconcentration factors (BCFs) 
orBAFspubl ished in theopen I iteratu retoallowcom parison 
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for perfluoroalkanesulfonates and perfluorocarboxylates. 
However, preliminary laboratory BCF measurements (with 
rainbow trout) for a suite of perfluorocarboxylates indicate 
thatPFOAandPFDoAhaveBCFsof8and30000,respectively, 
whereasb i o magnification factorswere n otstat isti callygreater 
than 1 for any homologue (33). One explanation for the high 
PFOSBAFsobserved in EtobicokeCreekfish I ivertissuemay 
be that the fish accumulated high molecular weight PFOS
based derivativesthataresu bseq uen tly metabo I ized toPFOS 
and, therefore, b iasthefiel d BAFcalcu lations. Unfortunately, 
PFOS-based derivatives that potentially could be present in 
Etobicoke Creek were not investigated for this study. 
Manufacturer data indicate that large quantities of PFOS 
equivalents are discharged to the aquatic environment 
through supply chain and consumer waste streams (35). 

Comparison to Other Perfluorinated Surfactant Envi
ronmental Measurements. The observation of perfluoro
al kanesu lfonatesan d perf I uorocarboxylatesi n fish I ivertissue 
andsu rfacewatersam plescon tam i nated withAFFF material 
is consistent with previous analyses of AFFF concentrates 
and reports of AFFF-contaminated groundwater (14, 21) 
(Figure 4). The concentrations of PFOS in fish liver tissues 
from Etobicoke Creek were significantly higher than other 
published fish liver tissue PFOS concentrations (6). For 
exam pie, PFOS concentrations in lake whitefish I iver tissues 
(n) 5)rangedfrom0.033to0.081 fg/g,thoseinbrowntrout 
liver tissues (n ) 10) ranged from 0.017 to 0.026 fglg, and 
blue-fin tissue (n ) 8) concentrations ranged from 0.0021 to 
0.0087 fglg (6). The highest PFOS concentration measured 
i nfish I ivertissuecollectedfromEtobicokeCreek(72.9 f gig) 
is i 1000 times greater than other reported PFOS measure
ments in fish liver tissues and is more than likely attributed 
to the release of high concentrations of AFFF materials into 
Etobicoke Creek. Similarly, the PFOS concentrations mea
sured in Etob icokeCreeksu rfacewateri m med iatelyfoll owing 
the AFFF spill (i.e., 2210 fg/L) were higher than the reported 
PFOS concentrations for a I imited number of samples (28-
114 ng/L) in the United States (29). 

Implications for Toxicity and Biodegradation. The 
perfl uorocarboxylates(PFPeAtoPFT A) measured i nfish I iver 
tissuessam pled from Etob icokeCreekareofi nterest because 
perf I u ori natedcarboxyl icacids, particu larlyPFOAandPFDA, 
arekn own peroxisome pro I iferatorsatconcentrati onsrangi ng 
from 50 to 350 fM (36); PFDA was found to be a potent 
peroxisome proliferator in rodent liver (37). It was reported 
that perfluorinated carboxylic acids inhibit gap junction 
intercellular communication (GJIC), which was dependent 
on the chain length of the fluorinated tail, with PFDA 
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inhibiting GJIC more than PFOA (36, 38). Clearly, further 
research is needed to assess the risk posed to aquatic 
organisms from the discharge of AFFF, and other per
fluorinated materials, including PFOS. 

It is unlikely that the perfluorocarbon chain of per
fluorinated surfactants biodegrade, and this lack of biodeg
radation for perfluorinated surfactants, including PFOS and 
PFOA, gives rise to issues relating to the bioaccumulation of 
these compounds in the environment. Previously pub I ished 
work (9, 12, 39) indicated that the perfluorocarbon chain 
was not biodegradable, and any alteration was limited to 
nonfluorinated portions of the molecule. Additionally, the 
persistence of perfluorinated surfactants is consistent with 
AFFF product labeling (15). 

In summary, PFOS was the predominant perfluorinated 
surfactant detected in the fish liver tissue and surface water 
sam pies. Quantifiab lelevelsofperfl uoroalkanesu lfonatesand 
perfl uorocarboxylateswere measured i nfish I ivertissueand 
surface water collected 7 months and 153 days, respectively, 
afterthefi re-fighti ngfoamspi II.Fu rthermore, fishandsu rface 
water samples collected upstream of the airport contained 
measurable but much lower concentrations of these two 
classes of anionic perfluorinated surfactants. Future studies 
are aimed at determining alternative sources for perfluori
nated surfactants in biota and surface water. 
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The existence of two subpopulations of polar bears in 
Alaska, the Beaufort Sea and the Olukchi Sea populations, 
has been documented. In this study, differences in 
concentrations and profiles of organochlorine pesticides, 
polychlorinated biphenyls (PCBs), polybrominated diphenyl 
ethers (PBDEs), and perfluorinated acids were examined 
inliversofpolarbearsfromthetwosubpopulationsinAiaska. 
Concentrations of most of the organohalogens analyzed 
were greater in the Beaufort Sea subpopulation than in the 
Olukchi Sea subpopulation, except for HO-Is and 
perfluorononanoic acid (FfNA), which were high in 
samplesfromtheOlukchiSeasubpopulation.Concentrations 
of chlordanes, PCBs, and perfluorooctanesulfonate 
(FR)S) were significantly different between the two 
subpopulations.Ollordanewasthepredominantcontaminant 
in the Beaufort Sea population, and FR)S was the major 
contaminant in the Olukchi Sea population. Polar bears from 
the Beaufort Sea showed significantly higher proportions 
of more highly chlorinated PCBs than those from the Olukchi 
Sea. Concentrations of several perfluorinated acids were 
significantly correlated. Oterall, the concentrations and 
profilesoforganohalogensanalyzedinthetwosubpopulations 
of polar bears suggest differences in the sources of 
exposures between the two regions of Alaska. 

The polar bear ( Ursus maritimus) is a top predator of the 
Arctic marine ecosystem and feeds primarily on ringed seals 
(Phoca hispida) and bearded seals (Erignathus barbatus). 
Occasionally ,po larbearswi II ki lllargerpreysuchaswal ruses 
(Odobenus rosmarus) and beluga whales (Delphinapterus 
leucas) (1) and will opportunistically scavenge on carcasses 
of bowhead whales (Balaena mysticetus), gray whales (Es
chrichtius robustus), and other marine mammals. Because 
ofthei rh igh troph iclevel in thefoodchai nand long I ifespan 
(25- 30 years), polar bears are exposed to elevated levels of 
persisten torgan icpo II utants(POPs )such aspol ych I ori nated 
biphenyls(PCBs). Earl ierstudies on circumpolar trends and 
patterns of POPs in polar bears elucidated the sources and 
transport of POPs to the Arctic (2, 3). High accumulation of 

* Correspondingauthorphone: 518-474-0015;fax: 518-473-2895; 
e-mail: kkannan@Nadsworth.org. 

'Wadsworth Center, SUNY at Albany. 
'United States Fish and Wildlife Service, Anchorage, Alaska. 

POPs in polar bears has implications not only for the health 
of the bears themselves but also for the native subsistence 
populations consuming this species. Association between 
h ighconcentrationsofPCBsand reduced i m mu neresponses 
in polar bears has been shown (4, 5). 

Relativetothen u m berofstud iesdescri bi ngPOPsi n polar 
bears from the Can ad ian and Norwegian Arctic, few studies 
have examined the status of contaminants in polar bears 
from Alaska (2, 6- 8). Earlier studies of POPs in polar bears 
from Alaska were based on limited sample sizes (n < 10). 
The Marine Mammal Protection Act of the United States, 
enacted in 1972, banned hunting of polar bears unless done 
by Alaskan nativeh unters, forsubsistence.l n thisstudy, polar 
bear I ivertissuesobtai ned fro msubsistenceh u ntersi nAiaska 
were available for analysis. 

The existence of two subpopulations of polar bears in 
Alaska is known (9- 11). The Southern Beaufort Sea sub
population (Beaufort Sea subpopulation) occurs from ap
proximately Icy Cape, west of Point Barrow, to Pearce Point, 
east of Paulatuk in Canada. The Chukchi/Bering Sea sub
population (Chukchi Sea subpopulation) occurs in the 
northern Bering Sea and southern Chukchi Sea adjacent to 
Russia and western Arctic Alaska. Recent analysis indicates 
afai rlyextensiveareaofoverlap between thetwo populations 
in northwestern Alaska (9). The objectives of this study were 
todeterm i nePCBs,organochlori nepesticides( D DTs, HCHs, 
chlordanes, and HCB), polybrominated diphenyl ethers 
(PBDEs), and perfluorinated compounds including PFOS 
(perfl uorooctanesu lfonate ), PF HS (perfl uorohexanesu lfonate ), 
PFOSA (perfl uorooctanesu lfonam ide), PFOA (perfl uorooc
tanoic acid; C8), PFNA (perfluorononanoic acid; C9), PFDA 
(perfluorodecanoic acid; C10), PFUA (perfluoroundecanoic 
acid; C11 ), and PFDoA (perfluorododecanoic acid; C12) in 
I ivers of polar bears from Alaska, and to examine differences 
in contaminant concentrations between the Chukchi Sea 
and Beaufort Sea subpopulations. Analysis of a wide variety 
of environmental contaminants (chlorinated, brominated, 
andfl u ori nated compounds) in two d isti nctsu b populations 
of bears provided an opportunity to com pare the levels and 
relationships among different classes of compounds, to 
enable us to evaluate possible sources of contaminants to 
the North American Arctic. 

Samples. Livers were collected from 35 polar bears in 
northern and western Alaska by Alaska native subsistence 
hunters and the U.S. Fish and Wildlife Service. Samples 
collectedfro m eightd ifferentvi llagesi n Alaska between 1993 
and 2002 include both males (n ) 27) and females (n ) 9) 
and all age classes (adults ) 26; subadults ) 6; cubs ) 3) 
(Table 1 ). The Beaufort Sea subpopulation consisted of 
samples from Prudhoe Bay, Nuiqsut, Barrow, and Point Lay, 
and the Chukchi Sea subpopulation consisted of samples 
from Shismaref, Little Diomede, Gambell, and Savoonga 
(Figure 1). Bears from Point Lay, located in northwestern 
Alaska,occu r in theareaofoverlap between thetwoAiaskan 
populations(12). In this study, we included the only sample 
from Point Lay, an adult male, in the Beaufort Sea group, for 
data analysis. A premolar tooth was collected for age 
determination( 13).1 nadd ition, harvesti nformationsuchas 
age,gender ,ki Ill ocation ,and dateofcollecti onwererecorded. 
Liver samples were stored at -20 oc until analysis. 

Chemical Analysis. Organochlorinepesticides,PCB,and 
PBDE congeners were analyzed following the method 
describedelsewhere, withsomemodifications( 14, 15).Detai Is 
of the analytical method are given in the Supporting 
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rctic Ocean Barrow Beaufort Sea 
Nuiqsut •C Bav _ ,r:f} 

Prudho~v-

Alaska CANADA 

o----rDo km 

RGURE 1. Map of Alaska, showing sampling locations of polar 
bears. 

Information .Extractswere injected i ntoagaschro matograph 
(Hewlett-Packard 6890) coupled with a mass-selective de
tector (Hewlett-Packard, series 5973) for the determination 
of PCBs and PBDEs. An equivalent mixture of Kanechlor 
(KC300, 400, 500, and 600) with known PCB composition 
was used in the identification of PCB congeners. Quantifica
tion of PCB congeners was based on external calibration 
standards containing known concentrations of di- through 
deca-CBco ngeners. Concen trati onsofi n d ivid ually resolved 
peaks of PCB isomers were summed to obtain total PCB 
concentrations. PBDE congeners were monitored at mo
lecular ion clusters, [M]+ and [M + 2]+, or [M + 4]+. Eight 
major PBDE congeners 28, 30, 47, 85, 99, 100, 153, and 154 
were targeted for analysis. Total PBDE concentrations 
represent the sum of all tri- through hexa-BDE congeners. 
PBDE congeners were quantified by use of an external 
calibration standard. Organochlorine pesticides were ana
lyzed on a Agilent Technologies 6890N gas chromatograph 
withelectron captu redetector(GC-ECD ).Acap i llaryco I u m n 
coated with DB-5 (30m ffi0.25 mm i.d. ffi0.25 fm film 
thickness) was used for the separation of pesticides. Con
cen trati onswerecalcu Ia ted from thepeakarea ofthesam p le 
to that of the corresponding external standard. D DTs refers 
tothesumof p,p'-DDE,p,p'-DDT,and p,p'-DDD;chlordanes 
refers to the sum of cis-chlordane, cis-nonachlor, trans
nonachlor, and oxychlordane; and HCHs refers to the sum 
of R-, a-, and q-isomers. 

Concen trati onsofperfl u ori nated aci dsi n I ivertissuewere 
determined by the ion pairing liquid extraction method 
describedelsewhere( 16, 17). 13Cperfluorooctanoicacid( 13C
PFOA) and perfluorobutanesulfonate (PFBS) were used as 
internal standards. Separation of perfluorinated acids was 
performed with an Agilent 1100 high-performance liquid 
chromatograph ( HPLC). For quantitative analysis the HPLC 
wasinterfacedwithanAppliedBiosystemsAPI2000tandem 
mass spectrometer (MS/MS). The MS/MS was operated in 
electrospraynegative ion m ode.Analyte ionswere monitored 
in multiple reaction monitoring (MRM) mode. Parent and 
daughter ion transitions were 499 > 99 (PFOS), 399 > 80 
(PFHS), 370 > 170 (13C-PFOA), 413 > 169 (PFOA), 498 > 78 
(PFOSA), 369 > 219 (PFNA), 513 > 219 (PFDA), 563 > 169 
(PFUA), and 613 > 169 (PFDoA). 

Statistical anal yseswere performed wit hStatg rap h icsPI us 
5.1 (Manugistics, Inc., Rockville, MD) at a significance level 
of R ) 0.05. Compounds with concentrations below LOQ 
were assigned zero for the calculation of mean and median. 
Since data were log-normally distributed, nonparametric 
tests, such as Kruskal- Wall is test, were used when concen
trations were compared between two groups. One-way 
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ANOVA and multiple regression tests were performed to 
investigate the differences in concentrations between loca
tions and to evaluate relationships among contaminants. 

Biological Factors and Residue Concentrations. Anum ber 
ofb i o I og icalfactorssuch asage,gen der, tissue I i pi dco nten t, 
rep rod uctivestatus, n utriti o nalstatus,and feeding hab i tcan 
affect levels and patterns of con tam in ants in polar bears (2, 
3).Therefore, com pari son ofconcen trati on sam ongsam p les 
should take these biological factors into consideration. In 
this study, relationships between contaminant levels and 
biological variables were examined prior to analysis of 
geographical differences and residue patterns. For most 
organochlorines and PBDEs, no significant association 
between residue concentrations and age or gender existed 
(discussed in detai I below).So meofthetrendsand differences 
apparent in the data were not statistically significant. No 
significant differences were detected in the lipid content of 
polarbearl ivers,wh ichvaried byafactorof3(4.6 - 12%)and 
averaged 8.5% (range 5.3- 12%) for Beaufort samples and 
8.1% (4.6-12%) for Chukchi samples. Since lipid normaliza
tion of concentrations did not reduce data variability with in 
a population, the data were analyzed on a wet weight basis. 
Age and gender may influence residue concentrations. 
Although some studies have reported a lack of significant 
difference between age/gender and PCB, DDT, HCH, and 
chlordane concentrations in polar bears (18), others have 
shown a significant relationship between these parameters 
(19).Seasonalfastingin polarbearscan mobil izebodyl ipids 
an dthereforeorgan och I ori nes( 20) .Th iseffectcan confound 
residue levels of organochlorines in polar bears. To control 
variabi I ityassociatedwithageandgender, wealsocom pared 
the data for adult male individuals only (Table 2). 

Concentrations and patterns of organohalogen contami
nantsi n I iversofpolarbearsareshown in Table 1 and Figure 
5 (Supporting Information). Concentrations in Beaufort Sea 
subpopulations were in the following decreasing order: 
chlordanes > PCBs g PFOS . PFNA > HCHs >DDT> HCB 
> PFUA > PFDA > PFOA > PBDEs. Concentrations in 
Ch ukch iSeasub popu lati onswere in thefoll owi ngdecreasi ng 
order: PFOS g PCBs g chlordanes > PFNA > HCHs > PFUA 
> HCB g DDT g PFDA > PFOA > PBDEs.PFHS,PFOSA,and 
PFDoA were not detected in most of the individuals. 
Concen trati onsof mostofthecontam i nan ts,exceptfor HCHs 
and PFNA, were significantly higher in the Beaufort Sea 
population than in the Chukchi Sea population. 

Organochlorine Pesticides. Among organochlorine pes
ticides analyzed, chlordanes were the most prevalent con
tam i nantsin I iversofpolarbears(Table 1 ).1 ndeed,ch lordane 
was the most abundant of any organohalogen contaminant 
analyzedfortheBeaufortSea population. Concen trati o nsof 
chlordanes ranged from 20 to 2690 ng/g, wet wt (median 
336), which were significantly greater than concentrations 
of any other organochlorine pesticide analyzed (p < 0.05). 
Variability in data associated with gender or age did not 
account for the wide range in the concentrations, because 
both the lowest and highest concentrations were found in 
adult male individuals. Chlordane concentrations were not 
sign ifican tlyd ifferen tbetweengender,and n oage-depen dent 
increase in concentrations was found for either gender. The 
median concentration of chlordanes in the Beaufort Sea 
population (908 ng/g, wet wt) was greater than that for the 
Chukchi Sea population (293 ng/g, wet wt). Furthermore, 
when only adult male individuals from these two subpopu
lations were com pared, Beaufort Sea i nd ivid uals contained 
significantly greater concentrations of chlordanes than did 
Chukchi Sea individuals(p < 0.05). Within the circumpolar 
Arctic, polar bears from Alaska contained the lowest con
centrations of most organochlorines, except for HCHs, with 
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FIGURE2. Relative C001JOSition of PCB isaners and congeners in I ivers of polar bears from the Beaufort and Chukchi Sea subpopulations. 
Toppanelshowspercentca11JOSitionofindividuaiPCBisornerstototaiPCBconcentrations.BottornpanelshowsPCBcongenerca11JOSition 
relative to PCB 153, the ITKJSt abundant congener found in polar bears. 

an east- west gradient (2, 3, 21). The differences in the 
chI ordaneconcentrationsbetween BeaufortSeaandCh u kch i 
Sea subpopulations suggest that these regions experience 
difference sources of input. 

Oxych I ordanewasthe maj orch I ordane metabol itefou n d 
in polar bears, accounting for 98% of the total chlordane 
concentrations (Figure 6 in the Supporting Information). 
Predominance of chlordanes (oxychlordane, in particular) 
in polar bears from all around the circumpolar Arctic has 
been documented (2, 3, 6, 22). The elevated proportion of 
oxychlordane in total chlordane concentrations can be 
explained by the ability of polar bears to metabolically 
transformch I ordanecom pounds. Furthermore, ri ngedseals, 
which are the major prey of polar bears, also contain an 
elevated proportion of oxychlordane in their tissues (6, 23, 
24). 

HCH was the second most prevalent organochlorine 
pesticide in polar bears. Nevertheless, the concentrations of 
HCHs were 1 -2 orders of magnitude lower than those of 
chlordanes (Table 1). Concentrations of HCHs were not 
significantly different between the Beaufort Sea (median 12 
ng/g) and Chukchi Sea subpopulations (median 14 ng/g) (p 
> 0.05).1 ngeneral ,concentrationsofHCHsi nAiaskan polar 
bearsweregreaterthan thosefrom otherArcticlocations( 3). 
Despitethelackofd ifferencei n HCHconcentrationsi n polar 
bears collected from western and northern Alaska, the 
proportion of R-HCH in total HCH concentrations in the 
BeaufortSeasu bpop u lation (32% )wasgreaterthan thatfou nd 
for the Chukchi Sea (20%) subpopulation. This difference 
may be due to the sources in northern Alaska; this area 
receives major inputs from Russian rivers, Atlantic Ocean 
water, and North American rivers. The greater proportion of 
R-HC Hi n BeaufortSeasam plesthan i nChukch iSeasam pies 
is consistent with the elevated proportion of R-HCH isomer 
insurfacewatersoftheBeaufortSea( 25).Thehighproportion 
of R-HCH in polar bears and ringed seals from North 
American Arctic was attributed to the use of technical HCH 
in Russia (3, 26). a-HCH accounted for, on average, 78% of 
the total HCH concentrations (Figure 6 in the Supporting 
Information). a-HCH is the most persistent and bioaccu
mulative of the HCH isomers. 

Concentrations of HCB and D DTs in livers of polar bears 
were minimal (Tables 1 and 2). Mean or median concentra-
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tions of DDT and HCB between Beaufort Sea and Chukchi 
Seasubpopulationswerenotsign ificantlydifferent( p > 0.05). 
Low concentrations of DDT were due to the high capacity 
of polar bears to metabolize DOTs (21). The prey species of 
polar bears, such as ringed seals and bowhead whales from 
Alaska, contain 2-fold greater concentrations of DOTs than 
chlordanes and HCHs (6, 27). In general, HCB and DDT 
concentrations in Alaskan polar bears were considerably 
lower than what was reported for bears from the European 
Arctic (2, 3). p,p'-DDD and p,p'-DDE were the major DDT 
metabolites found in polar bear livers (Figure 6 in the 
Supporting Information). 

PCBs. ConcentrationsofPCBsi n polarbearsrangedfrom 
127to2410ng/g,wetwt. Mean(857and466ng/g)and median 
(772 and 408 ng/g) concentrations of PCBs in polar bears 
from the Beaufort Sea were significantly greater than those 
from the Chukchi Sea (p < 0.05). This difference was highly 
sign ificantwhen on lyad u It male po larbearswereco m pared 
(p < 0.01). Greater concentrations of PCBs in polar bears 
from theBeaufortSeathan th osefro m theCh ukch iSea have 
been noted (21). Concentrations of PCBs did not increase 
withage,and nosign ificantd ifferencei n theconcentrations 
of PCBs between gender was observed (p > 0.05). 

Among PCB congeners, hexachlorobiphenylsaccounted 
for 64% of the total PCB concentrations, followed by hepta
(20%) and penta-CBs (12%) (Figure 7 in the Supporting 
Information). A significant difference existed in the relative 
compositions of penta-, hexa-, and hepta-CBs between the 
Beaufort and Chukchi Sea subpopulations. The proportion 
(percentage) of penta- and hexa-CBs in total PCB concen
trations was significantly greater in Chukchi Sea samples 
than in Beaufort Sea samples (p < 0.01) (Figure 7 in the 
Supporting Information). The proportion of he pta-CBs was 
greateri n BeaufortSea i nd ivid ualsthan those in theCh u kch i 
Sea(p < 0.01).ThisdifferenceinPCBcompositionremained 
consisten twhetherbothsexesoro n ly male i nd ivid ualswere 
included in theanalysis.PCB 153(2,2 ',4,4' ,5,5')wasthe major 
hexaCB congener, accounting for 49% of the total PCB 
concentrations (Figure 2). PCB congeners 153, 138, 180, 99, 
and 170(i n decreasi ngorder)collectivelyaccou ntedfor88% 
of the total PCB concentration. The presence of only a few 
do m i nantPCBcongenersi n polarbearssuggeststhean i mals' 
metabo I iccapacityto transform several otherPCBco ngeners, 

ED _000954(915)_Processed_PSTs-2_DD _00004 758-00004 



EPA-HQ-2016-005679 06/14/2017 

FIGURE 3. Relationship between PBDE 47 concentrations and age 
in male and female polar bears from Alaska. 

thus facilitating elimination (21). Significant difference in 
the concentrations and com positions of PCBs between 
n orthernan d westernAiaskansu bpop u lati onsofpo larbears 
suggestsexposuretod ifferentsou rcesofPCBs.l n particular, 
high concentrations of PCBs combined with elevated pro
portio nsofh igh lych I ori nated congenersi n theBeaufortSea 
suggestsou rcesarisi ngfro m N orthAmerica/Russia.PCBsi n 
air in the eastern Russian Arctic show high proportions of 
the more highly chlorinated congeners; further, the con
cen trat i o nsofPCBsal o ngthe Russian coastsare much greater 
than those found in the Bering Sea (28). 

PBDEs. Concentrations of PBDEs in livers of polar bears 
from Alaska ranged from <0.2 to 2.7 ng/g, wet wt (median 
0.82; Table 1 ). The highest concentration, 2.7 ng/g, wet wt, 
was found in an adult male individual from Little Diomede. 
Median concentrations ofPBDEs in bears from the Beaufort 
Sea (0.97 ng/g) and the Chukchi Sea (0.80 ng/g) were not 
significantly different (p > 0.05) (Figure 8 in the Supporting 
Information). The lack of significant difference in PBDE 
concentrations was also found when adult males (Table 2) 
from both of the subpopulations were compared. Concen
trations of PBDEs in male polar bears were not significantly 
different from those in females (p > 0.05). Concentrations 
of PBDEs were not correlated with age in either males (p ) 
0.15) or females (p ) 0.07). In fact, concentrations of PBDEs 
decreasedwithage in polarbears(Figu re3),apatternsi m i lar 
to that seen in humans (15). The absence of an age-related 
increase in PBDE concentrations may be explained by the 
relatively recent introduction of PBDEs (less than 30 years) 
andbymetabol ismandel i m i nation ofPBDEsbypolarbears. 
Occurrence of methoxy- and hydroxy-PBDEs in polar bears 
was suggested, in part, due to metabolic transformation of 
PBDEsbypolarbears( 29).AmongtheeightPBDEcongeners 
analyzed, only PBDE47 (2,2',4,4'-) was found in polar bears. 
Recent studies reported that congener 47 constituted the 
major portion of the total PBDEs in polar bears (29, 30). 

Very few studies have reported the occurrence of PBDEs 
in Arctic biota. Concentrations of PBDEs in plasma samples 
of polar bears from the Norwegian Arctic ranged between 
2.7 and 9.7 ng/g, wet wt (29). Assuming the plasma-to-liver 
ratio of PBDEs to be 1, concentrations of PBDEs in Alaskan 
polarbearswere10-fold lowerthan thosefound in Norwegian 
polar bears. PBDE concentrations of between 27 and 46 ng/ 
g, lipid weight, have been reported in fat tissues of polar 
bears from Svalbard, Norway (30). This is the first report of 
PBDEsi n polarbearsfromAiaska,and itestabl ishesbasel i ne 
concentrations. 

Perfluorinated Compounds. Occurrence of perfluori
nated acids in polar bears from Alaska, Canada, and the 
European Arctic has been documented (16, 31- 34). In this 
study, we have examined differences in the profiles of 
perfluorinated compounds between the Beaufort Sea and 
Chukchi Sea subpopulations. Among three perfluoroalkyl
su lfo natesa n d five perfl u o rocarb oxy latesana lyzed ,PFOSwas 

RGURE 4. Relationship between PFOSIPFNA concentrations and 
age in male and female polar bears. 

themostabundantperfl uori natedcom poundfou nd i nail of 
the samples. Concentrations of PFOS in I ivers of polar bears 
ranged from 137 to 1130 ng/g, wet wt (Tables 1 and 2). The 
median concentration of PFOS (793 ng/g, wet wt) in polar 
bearsfro m theBeaufortSeawassi m i larto thatforPCBs(772 
ng/g, wet wt) but lower than that for chlordanes (909 ng/g, 
wet wt). However, in the Chukchi Sea bears, PFOS was the 
predominant contaminant in livers (median 522 ng/g, wet 
wt) compared to median levels for PCBs (408 ng/g, wet wt) 
and for chlordanes (293 ng/ g, wet wt). The wide range of 
PFOS concentrations found in individual polar bears could 
n otbeexp lai ned byvariati onsi nage,gen der, or I i pi dconten t; 
No association between these biological parameters and 
PFOS concentrations was found. Concentrations of PFOS in 
Alaskan po larbearswere I owerthan thosereported forother 
Arctic locations (33). 

Among perfluorocarboxylates, PFNA was the most preva
lent compound in polar bears (Figure 9 in the Supporting 
Information). No significant difference was found in the 
concentrations of any of the perfluorinated compounds 
between gender (Figure 9 in the Supporting Information). 
Similarly ,n osign ificantcorrelati on was noted between PFOS/ 
PFNA concentrations and age, when data for both gender 
were included in the analysis. Nevertheless, PFOS concen
trations in females increased marginally (p ) 0.07) with age, 
although for PFNA this increase was not significant (Figure 
4). For males, the relationship between age and PFOS/PFNA 
concentrations was not significant (Figure 4). However, this 
analysis was limited by small number of female individuals 
in the sample. A lack of age-related increase was seen for 
residue concentrations of PFOA, PFDA, and PFUA. Earlier 
studies have shown the lack of significant difference in the 
concentrations of perfluorinated compounds between male 
and female polar bears (16, 33). The existence of any age
dependent increase in the concentrations of perfluorinated 
compounds in polar bears and other marine mammals is 
not consistently seen (16, 33). Since the accumulation of 
perfluorinated compounds in biota is influenced by binding 
to proteins rather than lipids (16), residue levels may be 
influenced by factors associated with protein metabolism. 

Concentrations of PFOS in polar bears from the Beaufort 
Sea were significantly greater than those from the Chukchi 
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Sea (p < 0.05). However, concentrations of PFOA, PFNA, 
PFDA, and PFUA were not significantly different between 
these two populations (Figure 10 in the Supporting I nforma
tion). These results suggest that the sources of PFOS and 
perfl u orocarboxylatestotheArcticared ifferen t. Differences 
in the profi lesofPFOSand PFOAisomersi n polarbearsfro m 
Greenland and Canada have also been attributed to differ
ences in the sources (32). 

A statistically significant correlation between PFOS and 
PFNA/PFDA was found in polar bears (p < 0.05). Similarly, 
significant correlation existed between PFNAand PFDAand 
between PFDA and PFUA (Figure 11 in the Supporting 
Information). Similar to what was observed earlier (31), the 
mean concentration of odd-chain-length perfluorocarboxy
late exceeded the corresponding concentration of even
chain-length compound (e.g., PFUA > PFDA and PFNA > 
PFOA). A significant relationship among perfluorocarboxy
lates and the pattern of higher concentration of odd-carbon 
carboxylate than of even-carbon compound suggests expo
sure to sources originating from fluorotelomer alcohols 
(FTOH). FTOHsare manufactured in even chain lengths but 
have been reported to yield odd- and even-chain-length 
carboxylates upon degradation (35). FTOH alcohols are 
thought to be a source of perfluorocarboxylates in remote 
marine locations (32). PFNA was the predominant perfluo
rocarboxylatei nwaterbod iesi m pacted byfi re-fighti ngfoams 
(36). Relationships between PFOS and PCBs or PBDEs, and 
between PFNA and PCBs or PBDEs, were weak. 

In summary, the resultsofthisstudy indicate differences 
i nconcen trati on sand profi lesoforgan o halogen compounds 
between two subpopulations of polar bears in Alaska. The 
Chukchi Sea/Bering Sea subpopulation may be influenced 
byoceancurrentsfromJapanandSoutheastAsia.Conversely, 
the Beaufort Sea subpopulation may be exposed to sources 
originating from Russian rivers, Atlantic Ocean water, and 
NorthAmerican rivers.Afewprevi ousstud ieshavesuggested 
spatial differences in organochlorine concentrations in 
seawater and biota between the Chukchi/Bering Seas and 
theBeaufortSea( 25, 27). D ifferencesi n theprofi lesofPCD Ds 
and PCDFs between northern and western Alaskan polar 
bears have been reported (8). Concentrations of most of the 
contaminants, except for HCHs and PFNA, were higher in 
the Beaufort Sea subpopulation than in the Chukchi sea 
subpopulation. This suggests that the source of HCHs and 
PFNAtotheChukch iSeaarepri mari lyfromAsia.l nadd ition 
to source differences, variations in the composition of prey 
between the two subpopulations of polar bears cannot be 
ruled ou t.Po larbearsfeed i ngo n preyatal owertrop h iclevel 
than ringed seals, such as bearded seals, Pacific walrus, 
bowhead or gray whales, could show lower contaminant 
exposures. However, noreportofpreycom position between 
the two Alaskan subpopulations of polar bears is available. 
It is thought that ringed seals make up a majority of the diet 
for polar bears from both populations. Further studies are 
needed to examine whether dietary variations contribute to 
the observed differences in the profiles and concentrations 
of organohalogens in polar bears between these two regions 
of Alaska. 

s.wnirlJ lrlatmtial Alailalle 
Detailed experimental procedures; comparison of mean 
concentrations of organohalogens in livers of polar bears 
from the Beaufort Sea and Chukchi Sea subpopulations; 
composition of chlordane compounds, HCH isomers, and 
DDT compounds in livers of polar bears from Alaska; 
comparison of PCB congener composition in livers of polar 
bears from the Beaufort and Chukchi Sea subpopulations; 
box and whisker plot of PBDE 47 concentrations in I ivers of 
polar bears from the Beaufort Sea and Chukchi Sea sub
populations; comparison of mean concentrations of per-
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fl uori natedcom pou ndsi n maleandfemalepolarbearsfrom 
the Beaufort and Chukchi Sea subpopulations; box and 
whisker plot of perfluorochemical concentrations in livers 
of polar bears from Beaufort Sea and Chukchi Sea subpopu
lations; and relationship between concentrations of PFOS 
and PFNA, PFNA and PFDA, and PFDA and PFUA in livers 
of polar bears from Alaska. This material is available free of 
charge via the Internet at http:/ /pubs.acs.org. 
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Recently it was discovered that humans and animals from 
various urban and remote global locations contained a 
novel class of persistent fluorinated contaminants, the most 
pervasive of which was perfluorooctane sulfonate 
(PFOS). Lower concentrations of perfluorooctanoate, 
perfluorohexane sulfonate, and heptadecafluorooctane 
sulfonamide have also been detected in various samples. 
Although longer perfluoroalkyl carboxylates (PFCA.s) are 
used in industry and have been detected in fish following 
a spill of aqueous film forming foam, no studies have 
been conducted to examine the widespread occurrence 
of long-chain PFCA.s (e.g., CF3(CF2)xCXD-, where x > 6). To 
provide a preliminary assessment of fluorinated contami
nants, including PFCA.s, in the Canadian Arctic, polar bears, 
ringed seals, arctic fox, mink, common loons, northern 
fulmars, black guillemots, and fish were collected at various 
locations in the circumpolar region. PFOS was the major 
contaminantdetectedinmostsamplesandinpolarbearliver 
was the most prominent organohalogen (mean PFOS ) 
3.1 f g/g wet weight) compared to individual polychlorinated 
biphenylcongeners,chlordane,orhexachlorocyclohexane
related chemicals in fat. Using two independent mass 
spectral techniques, it was confirmed that all samples also 
contained ng/g concentrations of a homologous series 
of PFCA.s, ranging in length from 9 to 15 carbons. Sum 
concentrations of PFCA.s (2:PFCA.s) were lower than total 
PFOS equivalents (2:PFOS) in all samples except for 
mink. In mink, perfluorononanoate (PFNA) concentrations 
exceeded PFOS concentrations, indicating that PFNA and 
otherPFCA.sshouldbeconsidered infutureriskassessments. 
Mammals feeding at higher trophic levels had greater 
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concentrations of PFOS and PFCA.s than mammals 
feeding at lower trophic positions. In general, odd-length 
PFCAs exceeded the concentration of even-length PFCA.s, 
and concentrations decreased with increasing chain 
length in mammals. PFOS and PFCA. concentrations were 
much lower for animals living in the Canadian Arctic 
than for the same species living in mid-latitude regions of 
the United States. Future studies should continue to 
monitor all fluorinated contaminants and examine the 
absolute and relative toxicities for this novel suite of PFCA.s. 

lntn:xtd:ial 
Thepervasivecontam ination ofwild I ife( 1- 7)andthegeneral 
human population (8, 9) with perfluorinated acids and 
heptadecafluorooctane sulfonamide (FOSA) has been de
scribed in many recent publications. Perfluorooctane sul
fonate(PFOS)isthedom i nantperfl uori natedacid i nwi ld I ife 
sam ples,wh i leperfl u orooctan oate(PFOA), perf I uoro hexane 
sulfonate (PFHxS), and FOSAare detected only occasionally 
and at lower concentrations. In human serum, PFOA (mean 
) 6.4ng/mL)andPFHxS(mean ) 6.6ng/mL)( 8)aregenerally 
present at higher concentrations than in wildlife, perhaps 
indicating additional exposure through contact with com
mercial products containing perfluorinated acids or their 
derivatives. 

Thesewidespread observati o nsq u ickly led toavol u n tary 
man ufacturi ngphase-outbythemai n producerofPFOS( 10, 
11) and garnered the attention of national and international 
en vi ron men tal protection agencies.Perfl u ori natedacidsare 
a concern because they have no known route of biotic or 
abiotic degradation in the environment and are bioaccu
mulative when the perfluorinated chain reaches a length of 
between6and7carbons( 12, 13).Thehealtheffectsassociated 
with I ong-termexposureto perf I uori nated aci dsareu ncertai n 
butarethesub jectofacurren triskassessment( 14).1 nan i mal 
studies and in vitro tests, certain perfluorinated acids are 
well characterized as potent peroxisome proliferators (15), 
as inhibitors of gap-junction intercellular communication 
(16), and as tumor promoters (17). 

Perfluoroalkyl carboxylates (PFCAs), such as perfluo
ro non an oicaci d (PF NA)an d perf I u orodecan o icaci d (PFDA), 
are used as polymerization aids in the manufacture of 
fluorinated polymers (18), yet there are few reports of their 
environmental distribution, except for PFOA. Furthermore, 
PFCAs ranging in chain length from 2 to 13 carbons (some 
evidenceforlongerones )were identifiedasm in ortherm olysis 
products of poly(tetrafluoroethylene) (19, 20), and the 
environ mental significance of this observation has yet to be 
established. The only report of long-chain (i.e., >C8) PFCAs 
in biota is for fish collected from a creek following a spill of 
aqueous film forming foam (AFFF) (21). PFNA, PFDA, 
perfluoroundecanoate (PFUnA), perfluorododecanoate 
(PFDoA),and perfl uorotetradecanoate(PFT A) were detected 
in the I iversofthesefish. However,given thatthesechem icals 
are not listed as active ingredients in AFFF, it is probable 
that the spill was not their source. The unknown environ
men tald istri bu ti on ofPFCAsrepresentsaseri ouskn owl edge 
gap that must be examined given their persistence, bio
accumulation potential, and potential to cause adverse 
toxicological effects. 

In this study, we examine for the presence of fluorinated 
organ icsi n thetissueofb i ol ogicalspeci menscollected from 
the Canadian Arctic. Liquid chromatography coupled 
with tandem and high-resolution mass spectrometry 
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FIGURE 1. Map of Canada showing SCif11lling locations in the circLITipOiar region. 

(LC/MS/MS) revealed that PFOS, FOSA, PFHxS, and PFOA 
are not the only fluorinated organic contaminants of 
biological significance. Using standardized criteria for iden
tification, we have confirmed and quantified several novel 
long-chain PFCAs in animals from remote areas. The 
toxicological implications for wildlife and people in the 
Can ad ianArcticareunknown butarel in ked given that many 
of these animals serve as important traditional foods for 
indigenous peoples in the Canadian north. 

Sample Collection. Sample collection was performed by 
subsistence hunters and trappers. The location and year of 
sample collection are shown in Figure 1 and Table 1. Ringed 
sealsfrom Hoi man /UI ukhaqtuuq, NT,werecollected in2001, 
while seals from Ausuittuq/Grise Fjord, NU, were collected 
in spring of 1998 as part of the Northwater Polynya study 
(22). Common loons were collected around Kuujjuarapik, 
QC, in 1992, while northern fulmars and black guillemots 
werecollectedfromPrinceLeopold Island in 1993.Arcticfox 
were collected from Arviat in March, 2001 (23). Fish samples 
were collected from the mouth of the Great Whale River at 
Kuujjuarapik and in Lake Minto, Quebec, in July 2002 with 
theassistanceofthelocaiCreeTrappersAssociation.Samples 
of mink from the Yukon were collected by trappers in winter 
2001/2002 from the southwestern part of the Territory east 
of Watson Lake, in the area of Blind Lake and Crow River. 
Polarbearswerecollected i nFebruary2002i neastern Hudson 
Bay, nearSanikiluaq, by Inuit hunters. Whole or partial liver 
samples were immediately removed from the animal at the 
time of collection and stored in clean glass containers lined 
with hexane-rinsed aluminum foil or directly in aluminum 
foil packaging. Samples were shipped frozen and remained 
frozen at -20 oc until the time of analysis. 

StandardsandReagents. Potassi u mPFHxS(99.9% ),FOSA 
(99.9%), and potassium PFOS (86.4%) were provided by the 
3M Co. (St.Pau I, M N ).Standardsofperfl u oroheptan o icaci d 
(PFHpA,99%),PFOA(98%),PFNA(97%),PFDA(98%),PFUnA 
(95%), PFDoA (95%), and PFTA (97%) were purchased from 
Sigma-Aldrich (Oakville, ON, Canada). Ammonium acetate 
(98%) and tetrabutylammonium hydrogensulfate (TBAS) 
were purchased from Sigma-Aldrich, anhydrous sodium 
carbonate (99.8%) from J. T. Baker (Phillipsburg, NJ), and 
methyl-tert-butyl ether (MTBE) from EM Science (99.5%, 
Gibbsburg, NJ). 
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Analysis of Perfluori nated Acids by LC/MS/MS. A small 
amount of tissue (0.5 g) was removed from the whole liver 
or partial liver for analysis. To minimize any potential 
con tam i nation, the I iverwascutopenandan i nternalsam pie 
wasremoved foranalysis.Livertissuewasthen homogenized 
in 15m L plastic( po lypropyleneco polymer)cen trifugetu bes 
containing 3 mL of Na2C03 (0.25 M), 1 mL of water, 1 mL of 
the ion-pairing agent TBAS (0.5 M adjusted to pH 10), and 
100 fL(25ng)ofthe i nternalstandard ,PFH pA. Theresulti ng 
homogenates were extracted with 5 mL of MTBE by shaking 
vigorously for 10 min, followed by centrifugation to isolate 
the organic phase. The MTBE supernatant was collected in 
a separate plastic tube, and this extraction process was 
repeatedoncem ore,com bini ngthesu pernatan ts. The MTBE 
was blown to dryness under high-purity nitrogen gas, and 
the analytes were taken up in 1 mL of 50:50 water/methanol 
by vortexing for 30 s. The concentrates were then filtered 
through 0.2 fm nylon filters into polypropylene vials for 
analysis. 

Routine quantitative instrumental analysis and analyte 
confirmation by secondary mass transition analysis were 
performed by LC/MS/MS using previously described condi
tions (12, 13). Water and methanol solvents (0.01 M am
monium acetate) were delivered at a total flow rate of 250 
fL min· 1 by a Waters 600S controller, and samples were 
injected( 10 f L )with aWaters 717 pi usautosam p ler(Waters, 
Milford, MA). Chromatography was performed on a Genesis 
C8column(2.1 ffi50mm,JonesChromatography,Lakewood, 
CO). Initial mobile phase conditions were 80:20 water/ 
methanol, followed immediately by an 8 min ramp to 0:100, 
a 2 min hold, and reverting to initial conditions at 10 min. 
The detector was a Micro mass Ultima (Micro mass, Manches
ter, U.K. )tri pleq uad ru pole massspectrometereq u i ppedwith 
anelectrospraysou rceoperati ng in negative ion mode. Data 
wereacq u ired by tandem massspectrometryusi nga multi pie 
reaction monitoring (MRM) method that monitored one to 
three mass transitions (parent f daughter ion) for each 
compound (Table 2). The desolvation temperature was 210 
°C, and the source block was maintained at 150 °C. Desol
vation gas flow was between 600 and 700 L h -1, and the 
capillary voltage was always 2.75 kV. 

Accurate mass measurements were performed on a 
QST ARquad ru pole-time-of-flight (QTOF) massspectrometer 
(MDS Sciex, Concord, ON, Canada) equipped with an 
electrosprayi on izati on sou rcean daccu rate masscapabi I ities. 
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lJ8.E 1. 11tm1, Minirun, em Maxirun OJ m"tlatial (rg'g) d All RLDinatErl o:rtanirmls in All Uwr 5aTples klaly2Ed' 

site and year PFOA PFNA PFDA PFUnA PFDoA PFTrA PFTA PFPA PFOS 

3100 
1700 

FOSA 

12 
<0,5 
44 
19 
<0,5 

110 

polar bear (n ) 7) 
Ursus maritimus 

arctic fox (n ) 10) 
Alopex lagopus 

ringed seal (n ) 9) 
Phoca hispida 

ringed seal (n ) 10) 
Phoca hispida 

mink (n ) 10) 
M ustela vison 

common loon (n ) 5) 
Gavia immer 

northern fulmar (n ) 5) 
Fulmarus glacial is 

Sanikiluaq, NU 
2002 

Arviat, NU 
2001 

Holman, NT 
(Uiukhaqtuuq) 
2001 
Grise Fjord, NU 
(Ausuittuq) 
1998 
Yukon 
Watson Lake Area 
2001 
Kuujjuarapik, QC 
1992 

Prince Leopold lsL, 
NU 

8,6 180 
2,9 108 

13 230 
<2,0 22 
<2,0 2,2 
<2,0 86 
<2,0 5,9 
<2,0 3,3 
<2,0 8,8 
<2,0 4,9 
<2,0 2,4 
<2,0 8,1 
<2,0 16 
<2,0 2,0 
<2,0 35 
<2,0 <0,5 
<2,0 <0,5 
<2,0 <0,5 
<2,0 <0,5 
<2,0 <0,5 

56 
35 
76 
14 

1,9 
72 

2,1 
0,98 
3,1 
2,9 
2,1 
3,8 
3,7 
0,69 
9,0 

63 
56 
78 
13 

0,78 
55 

3,3 
1,4 
5,4 
3,8 
2,0 
5,9 
4,3 

<0,5 
12 

1,3 

<0,5 

6,2 
4,7 
8,2 
1,5 

<0,5 
4,8 
0,44 

<0,5 
0,74 
0,76 
0,56 
1,3 

<0,5 
<0,5 

0,76 
<0,5 
<0,5 

11 0,51 <0,5 
7,5 <0,5 <0,5 

14 1,1 <0,5 
22 <0,5 n,d, 

<0,5 <0,5 n,d, 
7,1 1,9 n,d, 
0,57 <0,5 n,d, 

<0,5 <0,5 n,d, 
0,94 <0,5 n,d, 
0,95 n,d, n,d, 
0,68 n,d, n,d, 
1,6 n,d, n,d, 

<0,5 n,d, n,d, 
<0,5 n,d, n,d, 

0,83 n,d, n,d, 
0,88 <0,5 <0,5 

<0,5 <0,5 <0,5 
1 ,5 <0,5 <0,5 

<0,5 n,d, n,d, 
<0,5 n,d, n,d, 

>4000 
250 

6,1 
1400 

16 
8,6 

23 
19 
10 
37 

8,7 
1,3 

20 
20 
11 
26 

0,36 
<0,5 

0,52 
2,0 

<0,5 
5,5 
1,4 

<0,5 
2,4 
5,9 
2,0 

1993 

mean 
min 
max 
mean 
min 
max 
mean 
min 
max 
mean 
min 
max 
mean 
min 
max 
mean 
min 
max 
mean 
min 
max 
mean 
min 
max 
mean 
min 
max 
mean 
min 
max 
mean 
min 
max 

<2,0 0,50 

<0,5 
<0,5 

0,55 
n,d, 
n,d, 
n,d, 
n,d, 
n,d, 
n,d, 
2,6 
1,7 
3,1 
2,5 
2,3 
2,8 
1,5 
12 
1,8 
2,0 

2,2 
<0,5 
<0,5 
<0,5 
<0,5 
<0,5 
<0,5 

0,74 
<0,5 
<0,5 
<0,5 <0,5 n,d, n,d, 

1,3 
1,0 
1,5 
n,d, 
n,d, 
n,d, 
7,6 
6,5 
8,6 

13 
n,d, 
n,d, 
n,d, 
n,d, 
n,d, 
n,d, 

black guillemot (n ) 5) 
Cepphus grylle 

white sucker (n ) 3) 
Catostomus commersoni 

brook trout (n ) 2) 
Salvelinus fontinalis 

lake whitefish (n ) 2) 
Coregonus clupeaformis 

lake trout (n ) 1) 
Salvelinus namaycush 
northern pike (n ) 1) 
Esox lucius 
Arctic sculpin (n ) 1) 
Myoxocephalus scorpioides 

Prince Leopold lsL, 
NU 
1993 
Kuujjuarapik, QC 
2002 

Kuujjuarapik, QC 
2002 

Kuujjuarapik, QC 
2002 

Lac Minto, QC 
2002 
Kuujjuarapik, QC 
2002 
Kuujjuarapik, QC 
2002 

<2,0 
<2,0 
<2,0 
<2,0 
<2,0 
<2,0 
<2,0 
<2,0 
<2,0 
<2,0 
<2,0 
<2,0 
<2,0 

<2,0 

<2,0 

n,d, 
n,d, 
n,d, 
1,0 
0,61 
1,7 
6,2 
5,9 
6,5 
3,2 
2,4 
4,0 
3,4 

<0,5 

2,2 

2,0 

0,52 

62 
3,9 
8,5 
5,7 
4,9 
6,5 
3,7 
2,7 
4,7 
6,1 

2,9 

n,d, 
n,d, 
n,d, 
1,3 

0,65 
1,8 
1,5 
0,83 
2,2 
1,2 
0,69 
1,8 
2,30 

0,83 

0,55 

n,d, 
n,d, 
n,d, 
2,7 
1,4 
3,7 
1,4 
1,1 

1,7 
5,5 
2,7 
8,3 
4,8 

1,7 

n,d, 
n,d, 
n,d, 
0,76 

<0,5 
12 
027 
022 
0,32 
1,7 
1,1 

2,3 
0,63 

0,35 

<0,5 

n,d, 
n,d, 
n,d, 
n,d, 
n,d, 
n,d, 
n,d, 
n,d, 
n,d, 
n,d, 
n,d, 
n,d, 
n,d, 

n,d, 

n,d, 

39 
29 
50 
12 
12 
12 
31 

5,7 

12 

13 
10 
18 
2,8 
2,0 
3,5 

14 
14 
15 
6,8 

8,7 

18 

'The species, site and time of collection, and sample number (n) are also shown, 

Samples were injected manually to the same column used 
for routine analysis, and an Agilent 1100 capillary LCsystem 
(Agilent, Palo Alto, CA) delivered a gradient elution of 
methanol and water. Mass calibration was performed 
externally, 

PFHpA was spiked into each homogenate as an internal 
standard before extraction after determining that it was not 
detectable in unspiked tissue, Mean recovery of all analytes 
from all biota samples was greater than 80%, based on 
trip I icateanalysisofl ivers(O.Sg )spiked with each compound 
(i 500-1000 ng), indicating accurate recovery and that 
sign ifican telectrospray ion izationsu p pression wasnegl igi ble, 
Quan tificati onwasperformed based on therelative response 
ofeachanal ytetoPFH pAusi ngastandardcu rveconstructed 
from known quantities of standards extracted from water in 
the same manner as tissue samples, Concentrations were 
not adjusted for the purity of standards, Standard injections 
were made every six to nine samples to monitor sensitivity 
d rift,and thecoefficientofdeterm i nation forstandardcurves 
always exceeded 0,98 between 2.5 and 1000 pg of analyte 
injected, This range was appropriate for quantification of all 
analyteconcentrati onsi n all ani malsexceptforPFOSi n polar 
bears, Detectable responses that resulted in concentrations 
belowou rloweststandardwerereportedas < 0,5ng/g,wh i le 
any response having a signal-to-noise ratio less than 3 was 
reported as nondetectable (n,d,), For calculation of mean 
concentrations, a concentration of 0,25 ng/g was arbitrarily 
assumed for concentrations reported as <0,5 ng/g, For 
analysis of PFOS in polar bears, it was necessary to add a 

h igherstandard ( eq u ivalentof1 Ong injected), Unfortunately, 
th isresu I ted in non I i nearityath ighconcentrations,and thus 
any PFOS concentration exceeding the highest standard by 
2-fold was reported as >4000 ng/g, This situation arose for 
3 out of 7 polar bear samples analyzed in this study, 

An instrumental blank response was always present for 
PFOAusi ngtheWaters600p u m p, which madeq uantificati on 
of PFOA difficult or impossible in most animals due to our 
resulting method detection limit of 2 ng/g, The background 
response could be minimized and stabilized, but not 
eliminated, by reducing the column equilibration time 
between sample injections, The precise source of the 
contamination is unknown but was localized to the liquid 
ch ro matograp hand ispresu mab lyaresu It ofPFCAsleach i ng 
out from internal fluorinated polymers, For example, PFCA 
saltsare reportedly uti I izedasfl uoropolymer polymerization 
aids (18), The Agilent 1100 capillary LC system did not have 
any measurable background contamination, 

Confirmation of PFCAs in Biota. Tentative detection of a 
homologousseriesofPFCAsinbiotawasoriginallybasedon 
retention time and a decarboxylation mass transition cor
respond i ngtoanauthenticstandard (Figu re2), Confirmation 
of analyte identity was then performed by comparing the 
relative response of two secondary mass transitions (Le,, 
parent f daughter)tothepri marydecarboxylationtransition, 
For all analytes, the relative response of all secondary mass 
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lJ8.E 2. Qriiii1Btia18ror em Qiteria b Alalyte ka.J"ate Mass IRtenninatial em b tt-e Ratio d Seanfary 1o A"imry 
Tartm Mass SfEcbureby TICilSitial b a AJiar Emr Extract 

accurate mass detennination ratio of seconclary to primary MS/MS transitions 

calculated QTCFmass mass polar bear ratio authentic standard 
analyte mass (PJnl error) transition• (n ) 5) ratio %error o/oallowedb 

PFOA 412.9663 412.9679 (3.9) (413>369)1 

PFNA 462.9631 462.9650 (4.1) (463>419)1 

(463>0.219)2 0.130 0.133 5.1% 30% 
(463>169)2 0.047 0.050 6.2% 50% 

PFDA 512.9599 512.9606 (1.4) (513>469)1 

(513>269)2 0.169 0.169 0.28% 30% 
(513>219)2 0.185 0.188 1.6% 30% 

PFUnA 562.9567 562.9567 (0.0) (563>519)1 

(563>269)2 0.210 0.214 1.8% 25% 
(563>219)2 0.159 0.164 3.3% 30% 

PFDoA 612.9536 612.9564 (4.6) (613>569)1 

(613>319)2 0.199 0.186 6.6% 30% 
(613>269)2 0.188 0.175 6.7% 30% 

PFTrA 662.9505 662.9640 (20) (663>619)1 

(663>319)2 detected c 
(663>269)2 detected c 

PFTA 712.9472 <LOD (713>669)1 

(713>219)2 0.035 0.029 16% 50% 
(713> 169)2 0.014 0.014 1.5% 50% 

PFPA 762.9440 not detected (763>719)1 

(763>169)2 non detect c 
(763>319)2 non detect c 

PFOS 498.9303 498.9278 (5.0) (499>99)1 

PFHxS 398.9365 398.9408 (11) (399>99)1 

FOSA 497.9461 497.9477 (3.2) (498>78)1 

(498>169)2 0.028 0.035 26% 50% 

'Primary transition is indicated by superscript 1; secondary transition is indicated by superscript 2. b Tolerance according to ref 24 based on 
percent abundance relative to primary transition. 'No authentic standard was available. 

•% Perfluoropentadecanoate (PFPA) CF,(CF,),CO, _1~ 763>719 

100 

~l_~ • %- Perfluorotetradecanoate (PFTA) CF,(CF,),CO, 713>669 
--~ ~--- -----"~~---

100 

l • %- Pcrfluorotridecanoate (PFTrA) CF,(CF,) 11 CO, 663>619 

100 

•% Perfluorododecanoate (PFDoA) CF,(CF,)"'CO, 613>569 

100 

• %- Perfluoroundecanoate (PFUnA) CF,(CF,),CO, 563>519 
0 

100 

1 • %. Perfluorodecanoate (PFDoA) CF,(CF,),CO, 513>469 

100 

• %c Perfluorononanoate (PFNA) CFJCI<",),CO, 463>419 
0 

100 200 3.00 4.00 500 6.00 7.00 8.00 9.00 10.00 1'00 

Retention Time (min) --> 

FIGURE 2. Tandem mass spectranetry chromatogram of polar bear extract showing the hanologous series of PFCAs detected and later 
confinned. 

transitions in a polar bear extract were very close to those 
produced by injection of an au then ticstandard ,and theerror 
was within the tolerable limits defined by the Commission 
of the European Communities (24). Perfluorotridecanoate 
(PFTrA) and perfluoropentadecanoic acid (PFPA) could not 
be confirmed by this method due to a lack of authentic 
standards; however, secondary mass transitions analogous 
tootherPFCAsweredetected forPFTrA,an d retention times 
were appropriate for both PFTrA and PFPA relative to PFTA 
(i .e.,PFTrAel uted beforePFT A, wh i lePFPAel utedafterPFT A) 
(Figure 2). FOSA was also confirmed in biota based on 
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retention time and the relative intensity of two mass 
transitions relative to an authentic standard (Figure 2); a 
th irdtransitioncould notbeidentified i nstandardsorbiota. 

Confirmation of all analytes was further attempted by 
accurate mass measurements using liquid chromatography 
coupled to the QTOF mass spectrometer. For most PFCAs, 
the resultant accurate mass measurements were within 5 
parts per million (ppm) of the calculated mass (Table 2), 
resulting in confident confirmation. For PFTrA and PFHxS, 
instrument response was near to detection limits, thus 
resulting in only tentative confirmation due to poor ion 
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m/z, amu 

FIGURE3. Fullscanhigh-resolutionmassspectnmforapolarbear 
extract showing the accurate mass associated with the negative 
molecular ion of PRJnA (mlz 562.9567) and of its characteristic 
fragment or daughter ion (mlz 518.9688). 

statistics and a relatively large error (i.e., 20 and 11 ppm, 
respectively). The full scan mass spectra achieved by QTOF 
provided further evidence that the detected masses were 
i ndeedPFCAsd uetotheobservation of ad iagn osticfragment, 
or daughter ion. For PFNA, PFDA, PFUnA, and PFDoA, the 
decarboxylated negative ion wasdetectedat theapp rop riate 
accurate mass. An example of this is shown in Figure 3 for 
PFU nA. Unfortunately ,PFT AandPFPAcou ld notbedetected 
above background on the QTOF instrument, and thus no 
additional confirmation could be achieved for these acids. 
Overall, however, theweight ofevi dencesuggested that I eng
chain PFCAs, ranging from PFOA to PFPA, are present in 
biota from the Canadian Arctic. 

Concentrations in Biota. Although there is great spatial 
variation in thesam plesanalyzed, it can begeneral izedfrom 
the data that mammals feeding at higher trophic levels had 
higher concentrations of PFOS and PFCAs than mammals 
feed i ngat I owertro ph iclevels. Thesamegeneral conclusions 
were made byGiesyan d Kan nan ( 7)forPFOSco ncen trati o ns 
i nasu rveyofglobalwi ldl ife.Polarbearl ivershadtheh ighest 
concentrationofeach perfl uori natedacidamongallan i mals 
analyzed.Theconcentration ofPFOSalwaysexceeded 1 r gig 
(mean PFOS ) 3.1 fglg) in the polar bears livers, making 
PFOS the most prominent individual organohalogen con
taminant detected in polar bears to date. There are very few 
reportsofpersistentorgan och I ori neco ncentrati o nsi n polar 
bear liver with which to compare directly; however, PFOS 
liver concentrations exceed individual polychlorinated bi
phenyl (PCB) congeners, chlordane components, and 
hexachlorocyclohexane isomers quantified in polar bear 
subcutaneous fat (25). The concentrations of PFOS in polar 
bear liver reported here are also 10-fold higher than those 
reported by Giesy and Kannan (7) for Alaskan polar bears 
(mean ) 350nglg).Sanikiluaq Island isatconsiderablylower 
latitudean d perhapscl oserto regi o nalsou rcesofPFOS. Due 
to the high method detection limit for PFOA, polar bears 
were the only animals to have quantifiable concentrations 
ofPFOA, rang i ngfro m 2.9to8.6ngl g. The hom ol ogousseries 
of longer PFCAs, ranging in length from 9 to 15 carbons, 
were also detected in polar bears (Figure 2). The mean 
concentration of individual PFCA homologues in polar bear 
liver ranged from <0.5 to 180 nglg and generally decreased 
with increasing perfluorinated chain length. The concentra
tions of these novel PFCAs in polar bear I iver are at least an 
orderofmagn itude lowerthan thatofPFOS, b utPF NA,PFDA, 
and PFUnA concentrations exceed PFOA and FOSA con
centrations (Table 1 ). 

In general, PFOS was the major fluorinated contaminant 
in all animals, except for mink, followed by PFNA. The 
concentrations of PFOS exceeded PFNA concentrations by 
between 3- and 20-fold in most animals. However, for 
unknown reasons, average mink PFNA concentrations were 
approximatelytwiceashighasPFOS( n ) 10),althoughboth 
concentrations were relatively low. PFOA could not be 
detected above the method detection limit (2 nglg) in any 
animal except polar bear. Given the relative concentration 
of PFOA in polar bears, however, it may be reasonable to 
assume that PFOA concentrations are similar to PFDoA 
concentrations for most other animals. Overall, it may be 
generalized that PFOA is only a minor contributor to the 
overall burden of PFCAs in all biota samples. For example, 
in polar bear liver, PFOAconcentrationswere more than an 
order of magnitude lower than PFNA concentrations and 
contributed only 3% to total PFCAs. 

The dominant PFCA detected in all mammals wasPFNA, 
and concentrations generally decreased for all other PFCA 
homologueswith increasing perf! uoroalkylchai n length.Th is 
trend iscontrarytothebioaccu m ulation potential ofPFCAs, 
whereby bioaccumulation increases with increasing per
fluoroalkyl chain length (12, 13), thus suggesting that the 
abiotic environ mental burden of PFCAs is probably skewed 
towardthesh o rterPFCAs,such asPF NA.Aith o ugh n otalways 
statistically significant, a trend was observed in all animals 
whereby mean odd-chain-length PFCA concentrations ex
ceeded the mean concentrations of the corresponding 
shorter,even-chai n-lengthPFCAs.Forexam pie in mammals, 
PFUnA (C11) concentrations were statistically greater than 
PFDA (C10) concentrations in both ringed seal populations 
(R ) 0.05), but not in polar bears (p ) 0.13) or fox (p ) 0.59). 
Furthermore, PFTrA (C13) concentrations were statistically 
greater than PFDoA (C12) concentrations in arctic fox and 
polarbears( R) 0.05),butnotinHolman( p ) 0.063)orGrise 
Fjord( p ) 0.067)ringedseals.Thesetrendscan bevisualized 
by examining the contamination profile for polar bears and 
ringed seals (Figure 4). The contamination profile for birds 
andfishwasd ifferentfrom that observed in mam mals(Table 
1 ).Thedom i nantPFCAi n northern fu I mars, common loons, 
and all fish was PFUnA, not PFNA, and there were lower 
concentrationsofl ongerandsh orterho m ologuesal i ke(Table 
1). However, birds and fish were similar to mammals in that 
thesamegeneral odd I even pattern wasobserved ( i .e.,PFU nA 
> PFDA,andPFTrA > PFDoA)andwasstatisticallysignificant 
among common loons and fish (R ) 0.05). 

The reason for the difference in contamination profiles 
ofmam malsand bi rdsorfish isun known ,buttheconsistent 
odd- even pattern may be indicative of the source(s). For 
example, fluorotelomer alcohols (FTOHs) are only manu
factured in even chain lengths but have been reported to 
yield even- and odd-chain-length PFCAs upon degradation. 
Forinstance,8:2FTOH(i.e.,CF 3(CF2)7CH2CH20H)degraded 
to PFOA and PFNA, and 10:2 FTOH (i.e., CF3(CF2)9CH2CH2-
0H) degraded to PFDAand PFUnA in wastewater treatment 
sludge (26). Metabolism of FTOHs is an unlikely source of 
PFCAstotheArcticbecause ,a I though FTOHsaredetectab le 
i ntheatm osp here( 27)an d degrades! owen o ugh toall owfor 
long-rangetransport,FTOHsarenotexpectedtobedeposited 
to the biosphere (28). A more feasible source of PFCAs to the 
Arctic involves tropospheric oxidation of FTOHs; however, 
the atmospheric degradation products of FTOHs have not 
yet been determined, and this suggestion remains tentative. 
An alternative potential source is the thermolysis of poly
(tetrafluoroethylene), which produces gas-phase PFCAs 
ranging from trifluoroacetic acid to PFTA (19, 20); however, 
furtherstudywou ld berequ i redtodeterm i neifsuchasou rce 
could lead to long-range transport and the observed odd
even contamination profile. 
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10 

1 

Ringed Seai(Phoca htspida) 
Holman (n=9) 

FIGURE4. Box-plotprofileforfluorinatedcontaminants in polar bears (Sanikiluaq) and ringed seal (Holman), showing the 5th, 10th, 25th, 
75th, 90th, and 95th centile of concentrations and the median (middle bar). 
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RGURE5. UnearregressionofindividuaiPFCAhomologueconcentrationsinarcticfox,ringedseal,mink,andpolarbear.Aiogtransfonnation 
was perfonned to nonnalize the data. 

Therewasveryl ittlevariation ofallanalyteconcentrati ons 
in both ringed seal and polar bear liver within each 
population. For the most part, the difference between the 
maxim umand mini mu mconcentrationwaslessthanafactor 
of3. Thesamewasn ot trueforeitherarcticfox orm ink I iver. 
In these animals, there was generally more than an order of 
magnitude separating the minimum from the maximum 
concentration (Table 1 ). This variation is presumably a 
function of feeding habits for these species. For example, 
arctic fox are opportunistic feeders that may be influenced 
by terrestrial and/or marine food webs, depending on food 
availability, and this can influence chlorinated contaminant 
concentrations (23). Mink are also exposed to contaminants 
through both the terrestrial and the aquatic food web (29). 
Sex did not influence contamination levels in any organism, 
as determined by si m pie t-tests (R ) 0.1 ). 

The only neutral fluorinated contaminant that was 
analyzed for was FOSA, which was detected in all animals 
except fulmarsand guillemotsand ranged in concentration 
from <0.5 to 110 ng/g. Surprisingly, arctic fox liver had a 
greater mean FOSA concentration than polar bears, despite 
havi ng5-fold I owerconcentrati onsofall perf I u ori natedacids. 
This may be a function of diet but could also indicate that 
polar bears have a greater metabolic capacity for degrading 
FOSA. 

It was interesting that FOSA concentrations were lower 
than PFOS in all mammals and birds, but not in fish. With 
theexception ofbrooktroutand laketrout,allfish had higher 
concentrations of FOSA than PFOS. It has been reported 
thattheu lti mate metabol icprod uctofm ostPFOSderivatives 
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is expected to be PFOS (30, 31), thus indicating that FOSA 
in fish could be an important route of exposure to PFOS for 
piscivores. Although sample size was small, there was 
anecdotal evidence that trout have a higher capacity to 
metabol izeFOSAtoPFOSthan otherfish. Forexam pie, brook 
tro utand laketrout had the I owestFOSAconcen trati on sand 
the highest PFOS concentrations of all fish. 

Otherreportshaveshownstatisticalassociationsbetween 
PFOS and FOSA (6) as a demonstration that FOSA is a 
metabol icprecu rsortoPFOS. Ou rresu ltsalso revealedso me 
statistical associations between PFOS and FOSA; however, 
theyare n otco nsistentforall ani malsan d, therefore, it isn ot 
cleariftheseassociati onsrepresen tfu ncti onsofmetabo I ism 
or simple exposure. For example, there was a statistically 
significant positive association between PFOS and FOSA 
concentrationsi n m i nkandfox, butnot in polarbears, loons, 
or Holman ringed seals. Furthermore, among all fish and 
Grise Fjord ringed seals, there was a statistically significant 
negative association between PFOS and FOSA. For PFCAs, 
metabolism is expected to be absent, and a comparison of 
any two PFCA homologue concentrations in any animal 
almost always produced a statistically significant positive 
linear association. For example, the linear regressions 
between PFNA and PFDA and between PFDA and PFUnA 
are shown in Figure 5. These associations suggest that 
exposure of each animal to each PFCA homologue occurs in 
tandem with exposure to all other PFCAs and, thus, that the 
sou rce(s)ofPFCAsisprobab lysi m i laram ongall hom ologues. 

Polarbearsappearto be the mostcontam i nated organ isms 
with respect to fluorinated contaminants. Although geo-
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lJ8.E 3. s.m ct ~ (~) ern Tctal FR:B Eq.ivalents (L:FR:B) 1iJr klimls klaly2Ed in ll1s Sttqt Qnplred to LRB 
I:B1a fn:m Prelia.JS R:pJrts in Sirilar Onda1 SaTpes 

2.:PFCA" (~/g) 2.:Pf0Sb (ng/g) 2.:PC8c citation 

polar bear 325 3112 4080 ng/g fat (Barrow) 35 
5000-11000 ng/g fat (Eastern Hudson Bay) 25 

arctic fox 53 269 124 ng/g liver (Barrow and Holman) 23 
156 ng/g muscle (Arviat) 23 

ringed seal, Holman 12 16 348 ng/g fat (Hoi man) 36• 
ringed seal, Ausuittuq 13 21 male ) 963, female ) 483 ng/g fat (Ausuittuq) 22• 
mink 24 10 4.3-79 ng/g liver (Northwest Territories) 29 
common loon 2 26 430 ng/g muscle (Kuujjuarapik, QC) 37d 
northern fulmar <1 1 200 ng/g liver (Prince Leopold lsi., NU) 38d 
black guillemot <1 <1 80 ng/g liver (Prince Leopold lsi., NU) 38d 
white sucker 15 21 13 ng/g (Northern Quebec Rivers) 39 
northern pike 7 14 <15 ng/g muscle (Lac Bienville, NU) 29 
Arctic sculpin 6 30 
brook trout 18 42 19 ng/g (Northern Quebec Rivers) 39 
lake whitefish 17 27 <15 ng/g muscle (Lac Bienville, NU) 29 
lake trout 19 38 898 ng/g liver (Lac Bienville, NU) 29 

'Sum of PFCAs, including PFOA, PFNA, PFDA, PFUnA, PFDoA, PFTrA, PFTA, and PFPA. b Sum of PFOS and FOSA. 'Concentrations are wet 
wei g hti n tissue indicated, from the location in parentheses. d Thesam efivesa m plesthatwerea nal yzed forti u ori nated contaminants in th isstud y. 
e The same sample set of ringed seals analyzed in this study, but not necessarily the same animals. 

graphic location may play some role, we suggest that the 
high contaminant concentrations in polar bears are mainly 
a function of their high trophic position and that the abiotic 
Arcticenvi ron mentislesscontam i nated than sou rceregions 
of North America, at least with respect to PFOS. When the 
meanconcen trati on ofPFOSisco m pared between thesame 
species living in the Arctic and mid-latitude environments, 
it is evident that animals living in mid-latitudes are more 
heavily contaminated. For example, Giesy and Kannan (7) 
reported a mean liver PFOS concentration of 2630 ng/g for 
mink in the Midwest United Sates, compared to the mean 
value of 8.7 ng/g reported here for the same species in the 
southwest Yukon. Lake whitefish from Michigan waters had 
mean PF0Sconcentrationsof67 ng/g, compared to 12 ng/g 
reported here for the same species from the Great Whale 
River, Kuujjuarapik. Common loons from North Carolina 
averaged 290 ng/g of PFOS in the liver (7), compared to the 
same species in Kuujjuarapik (mean, 20 ng/g). Ringed seals 
fromtheBalticSeahad I iverPFOSconcentrationsexceed i ng 
400 ng/g (2), compared to 16 and 19 ng/g for ringed seals 
from Holman and Grise Fjord, respectively. Further moni
toring of animals is necessary to ascertain if these trends are 
also evident for PFCAs. 

Thetwo b i rdspeciescollected from Pri nceLeopol d I sian d 
provided a unique opportunity to examine the influence of 
diet and annual migration pattern on fluorinated contami
nant concentrations. Guillemots had nondetectable con
centrati o nsofall analytes, whereasfu I mars had q uan tifiab le 
co ncentrati o nsofPFOSand detectable, but non quantifiable, 
concentrationsofPFNA, PFUnA, PFDoA, and PFTrA. Guillem
ots stay close to their breeding grounds all year, migrating 
only until reaching ice-free coastal areas, feeding primarily 
on marine fish and amphipodsat the ice edge (32). Fulmars 
also feed on marine amphipods and fish but are different 
from guillemots because they will occasionally scavenge 
mari nemam mal carcassesan d because they m igrategreater 
distances south toward the eastern coast of Canada (North 
Atlantic Ocean) in winter (33). Loons are different from both 
fulmars and guillemots because they feed primarily on 
freshwater fish and migrate great distances annually, some 
as far south as the Gulf of Mexico in winter (32), both factors 
which presumably result in increased dietary exposure. 

Sum of PFCAs and PFOS Equivalents. The fluorinated 
con tam inantsreported herecan becategorizedastwod isti net 
chemical classes: PFCAs (i.e., PFOA, PFNA, PFDA, etc.), and 
PFOS equivalents (i.e., PFOS and FOSA); it is assumed that 

FOSA is ultimately metabolized to PFOS (30). As a means of 
comparing the relative importance of these two chemical 
classes, we have calculated the sum of PFCAs (L:PFCAs) and 
the sum of PFOS equivalents (L:PFOS) and compared these 
tothesu m ofpolych I ori nated biphenyls( L:PCBs )forthesame 
speciesfromsi m i laroridenticaiCanad ian locationsi n Table 
3. It is not our intention to introduce the concept of L:PFOS 
or L:PFCAs as a risk assessment tool, as has often been 
attempted with chlorinated contaminants. When further 
toxicological information becomesavai I able, theuseofthese 
termsshou ld beconsidered, butunti I then itisquestionable 
whetherthemodeoftoxicaction issi m i laramongaiiPFCAs. 
For example, both PFOA and PFDA are potent peroxisome 
proliferators, but only PFOA induces tumors in rats (34). 

L:PFOS exceeded L:PFCAs in all samples except for mink 
(Table 3), due to the high concentration of PFNA in these 
samples. For ringed seal, mink, and most fish, L:PFOS and 
L:PFCA concentrations were not disparate, differing only by 
a factor of approximately 2. The greatest difference between 
L:PFOSand L:PFCAwasi n polarbearsandarcticfox, wherein 
L:PFOS exceeded L:PFCA concentrations by at least 5-fold. 
The reason for the divergence of L:PFOS and L:PFCA at high 
trophic levels deserves attention in future studies because, 
as a group, PFCAs should biomagnify to a greater extent 
than PFOS based on their bioaccumulation factors (12, 13). 
Onepossi b i I ity is that metabolism ofh igherm olecu larweight 
PFOS precursors occurs in these mammals and this is 
contributing to L:PFOS. However, this suggestion remains 
speculative because no efforts were made in this study to 
examine for the presence of PFOS derivatives other than 
FOSA. 

L:PCBs forsimilarsampleswascomparable to L:PFOSfor 
polar bears, arctic fox, mink, and most fish, whereas L:PCBs 
wasm uch h igherthaneitherPFOSor L:PFCAsi n ri ngedseals, 
lake trout, and birds. In birds, although L:PCBs was much 
higher than fluorinated contaminants, the relative trend of 
PCB contamination matches what is reported here for 
fluorinatedcontaminants(i.e.,loons > fulmars > guillemots). 

Overall, these two classes of fluorinated contaminants 
are present in biota on a similar scale as prominent classes 
of persistent organohalogen contaminants, such as PCBs. 
Futurestud iesshouldconti n ueto mon itorPFCAsandPFOS
relatedcontam i nantsand toexp loretheabsol uteand relative 
toxicity for these chemicals in wildlife. Concern has been 
raisedaboutthepossibleh u man health risksassociatedwith 
current PFOA exposure (14), and this is alarming because 
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longer PFCAs may act by similar toxicological mechanisms. 
Also, given that the animals investigated here serve as 
important dietary items for many communities in northern 
Canada and because human blood serum is already known 
to be contaminated with PFOS, FOSA, PFOA, and PFHxS (8), 
itseemspruden ttoexam i neforthe presenceofl o ngerPFCAs 
inhuman tissueand toassessthetoxicol ogical riskassociated 
with current exposure profiles. 
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To: 
From: 
Sent: 
Subject: 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Wood, Carol S. 
Wed 1/20/2016 3:49:10 PM 
RE: PFOAHA 

From: Donohue, Joyce [mailto:Donohue.Joyce@epa.gov] 
Sent: Tuesday, January 19, 2016 12:49 PM 
To: Wood, CarolS. 
Subject: PFOA HA 

Dear Carol: 
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I am not done with the PFOA and Jamie made lots of changes to PFOS more related to structure 
that content. Can you look at the human health effects section and make any updates that are 
needed. I am not happy with some of them. 
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To: 
From: 
Sent: 
Subject: 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Plagakis, Sofia 
Wed 1/20/2016 3:38:07 PM 
RE: Request for a different chemical 

From: Donohue, Joyce 
Sent: Tuesday, January 19, 2016 1:29PM 
To: Plagakis, Sofia <Piagakis.Sofia@epa.gov> 
Subject: RE: Request for a different chemical 
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From: Plagakis, Sofia 
Sent: Tuesday, January 19, 2016 1:11 PM 
To: Donohue, Joyce 
Subject: RE: Request for a different chemical 

·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-) 

Nonresponsive and Deliberative I Ex. 5 
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Nonresponsive and Deliberative I Ex. 5 
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From: Donohue, Joyce 
Sent: Tuesday, January 19, 2016 12:25 PM 
To: Plagakis, Sofia 
Subject: Request for a different chemical 

Nonresponsive and Deliberative I Ex. 5 

From: Plagakis, Sofia 
Sent: Tuesday, January 19,201611:28 AM 
To: Donohue, Joyce 
Cc: hqchemlibraries 
Subject: Jan 1-15, 2016 search, perfluorooctanoate OR "perfluorooctanoic acid" OR- PubMed 

Hi Joyce, 

Please find the search results for Jan 1-15, 2016. Your search brought up 38 items. 

Let me know if you need any full-text articles. 

Thank you, 
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Sofia 

From: Sent by NCBI ~=~=:::.=..L-'=-'-'-==-:.:.~~='-'-• 
Sent: Tuesday, January 19,201611:25 AM 
To: Plagakis, Sofia 
Subject: perfluorooctanoate OR "perfluorooctanoic acid" OR - PubMed 

This message contains search results from the National Center for Biotechnology Information 
'"-'-=-"-!at the U.S. National Library of Medicine Do not reply directly to this message 

Sent on: Tue Jan 19 11:23:57 2016 

Search: perfluorooctanoate OR "perfluorooctanoic acid" OR "perfluoroctanoic acid" OR pfoa 
OR "perfluorinated chemicals" OR "perfluorinated compounds" OR "perfluorinated homologue 
groups" OR "perfluorinated contaminants" OR "perfluorinated surfactants" OR perfluoroalkyl 
acids OR "perfluorinated alkylated substances" OR "perfluoroalkylated substances" OR pfba OR 
"perfluorobutanoic acid" OR perfluorochemicals OR "telomer alcohol" OR "telomer alcohols" 
OR "fluorotelomer alcohols" OR "polyfluoroalkyl compounds" OR "perfluorooctane sulfonate" 
OR pfos OR "perfluorooctanesulfonic acid" OR "perfluorooctane sulfonic acid" OR 
"perfluorooctane sulphonate" OR perfluorooctane sulfonate OR "perfluorooctanyl sulfonate" OR 
"Heptadecafluorooctane-1-sulphonic" OR "Heptadecafluoro-1-octanesulfonic acid" OR 
perfluorononanoate OR pfhxa OR "perfluorohexanoic acid" OR "fluorinated surfactants" Filters: 
From 2016/01/01 to 2016/01/15, English 
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PubMed Results 

Items 1 - 38 of 38 

lSemin Cell Dev Biol. 2016 Jan 15. pii: S1084-9521(16)30003-9. doi: 
10.1016/j.semcdb.2016.01.003. [Epub ahead of print] 

Author information: 

• 
1The Mary M. Wohlford Laboratory for Male Contraceptive Research, Center for Biomedical 

Research, Population Council, 1230 York Ave, New York, New York 10065, United States. 

• 
2School of Biological Sciences, University of Hong Kong, Hong Kong, China. 

• 
3Department of Biology, Hong Kong Baptist University, Hong Kong, China. 

• 
4The Mary M. Wohlford Laboratory for Male Contraceptive Research, Center for Biomedical 

Research, Population Council, 1230 York Ave, New York, New York 10065, United States. 
Electronic address: ~===~~~-'-=~~=~=· 

Abstract 

Sertoli cells isolated from rodents or humans and cultured in vitro are known to establish a 
functional tight junction (TJ)-permeability barrier that mimics the blood-testis barrier (BTB) in 
vivo. This model has been widely used by investigators to study the biology of the TJ and the 
BTB. Studies have shown that environmental toxicants (e.g., perfluorooctanesulfonate (PFOS), 
bisphenol A (BPA) and cadmium) that exert their disruptive effects to induce Sertoli cell injury 
using this in vitro model are reproducible in studies in vivo. Thus, this in vitro system provides a 
convenient approach to probe the molecular mechanism(s) underlying toxicant-induced testis 
injury but also to provide new insights in understanding spermatogenesis, such as the biology of 
cell adhesion, spermatid transport, and others. Herein, we provide a brief and critical review 
based on studies using this in vitro model of Sertoli cell cultures using primary cells isolated 
from rodent testes versus humans to monitor environmental toxicant-mediated Sertoli cell 
injury, and this information is relevant to the molecular mechanisms that regulate 
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spermatogenesis. In short, recent findings have shown that environmental toxicants exert their 
effects on Sertoli cells to induce testis injury through their action on Sertoli cell actin- and/or 
microtubule-based cytoskeleton. These effects are mediated via their disruptive effects on actin
and/or microtubule-binding proteins. Sertoli cells also utilize differential spatiotemporal 
expression of these actin binding proteins to confer plasticity to the BTB to regulate germ cell 
transport across the BTB. 

Copyright© 2016. Published by Elsevier Ltd. 
PMID: 26779951 [PubMed- as supplied by publisher] 

21. Hazard Mater. 2016 Jan 2;307:55-63. doi: 10.1016/j.jhazmat.2015.12.059. [Epub ahead of 
print] 

Author information: 

• 
1State Key Lab of Urban and Regional Ecology, Research Center for Eco-Environmental 

Sciences, Chinese Academy of Sciences, Beijing 100085, China. 

• 
2State Key Lab of Urban and Regional Ecology, Research Center for Eco-Environmental 

Sciences, Chinese Academy of Sciences, Beijing 100085, China. Electronic address: 

• 
3State Key Lab of Urban and Regional Ecology, Research Center for Eco-Environmental 

Sciences, Chinese Academy of Sciences, Beijing 100085, China; University of Chinese 
Academy of Sciences, Beijing 100049, China. 

• 
4State Key Lab of Urban and Regional Ecology, Research Center for Eco-Environmental 

Sciences, Chinese Academy of Sciences, Beijing 100085, China; College of Biological Sciences 
and Technology, Beijing Forestry University, Beijing 100083, China. 
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• 
5Department of Veterinary Biomedical Sciences and Toxicology Centre, University of 

Saskatchewan, Saskatoon, Saskatchewan, Canada. 

Abstract 

Perfluoroalkyl acids (PF AAs) have been widely used in surfactant applications, especially as 
processing acids for fluoropolymer production. This study provides an analysis of sources of 
certain PF AAs emitted from the intensive fluoropolymer facilities in the Xiaoqing River Basin 
of China. Concentrations ofperfluorooctanoic acid (PFOA) as great as 0.97mg/L in surface 
water and 10.5Jlg/g dry weight in surface sediment have been detected near the effluent of one 
facility (F 1) that produces polytetrafluoroethylene (PTFE) and other fluoropolymers with 
massive capacity. With the great emission of PF A As to water in natural conditions, the log Koc 

values decreased for short-chain PFCAs. Mass loads ofPFAAs indicated that emissions of 
PF AAs from other facilities or sources were much less than those from F 1, which emitted 
174kg/d ofPFAAs including 159kg/d ofPFOA to the rivers. Even though production and 
emissions ofPFOA have been strictly controlled in other countries since 2006, production of 
PFOA as well as several other fluoropolymers that use PFOA as processing aids has been 
increasing at F 1 in recent years. We recommended that production shift should be taken into 
consideration in PFOA elimination actions. 

Copyright© 2015 Elsevier B.V. All rights reserved. 
PMID: 26775106 [PubMed- as supplied by publisher] 

3foxicol Appl Pharmacal. 2016 Jan 6. pii: S0041-008X(16)30001-l. doi: 
10.1016/j.taap.2016.01.001. [Epub ahead of print] 

Author information: 
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• 
1Institute for Global Food Security, School of Biological Sciences, Queen's University 

Belfast, Northern Ireland, United Kingdom. 

• 
2Norwegian University of Life Sciences, Oslo, Norway. 

• 
3Institute for Global Food Security, School of Biological Sciences, Queen's University 

Belfast, Northern Ireland, United Kingdom. Electronic address: ~~~~=~~~-

Abstract 

Persistent organic pollutants (POPs) are toxic substances, highly resistant to environmental 
degradation, which can bio-accumulate and have long-range atmospheric transport potential. 
Most studies focus on single compound effects, however as humans are exposed to several POPs 
simultaneously, investigating exposure effects of real life POP mixtures on human health is 
necessary. A defined mixture of POPs was used, where the compound concentration reflected its 
contribution to the levels seen in Scandinavian human serum (total mix). Several sub mixtures 
representing different classes of POP were also constructed. The perfluorinated (PFC) mixture 
contained six perfluorinated compounds, brominated (Br) mixture contained seven brominated 
compounds, chlorinated (Cl) mixture contained polychlorinated biphenyls and also p,p'
dichlorodiphenyldichloroethylene, hexachlorobenzene, three chlordanes, three 
hexachlorocyclohexanes and dieldrin. Human hepatocarcinoma (HepG2) cells were used for 2h 
and 48h exposures to the seven mixtures and analysis on a Cellinsight™ NXT High Content 
Screening platform. Multiple cytotoxic endpoints were investigated: cell number, nuclear 
intensity and area, mitochondrial mass and membrane potential (MMP) and reactive oxygen 
species (ROS). Both the Br and Cl mixtures induced ROS production but did not lead to 
apoptosis. The PFC mixture induced the ROS production and likely induced cell apoptosis 
accompanied by the dissipation ofMMP. Synergistic effects were evident for ROS induction 
when cells were exposed to the PFC+Br mixture. No significant effects were detected in the 
Br+Cl, PFC+Cl or total mixtures, which contain the same concentrations of chlorinated 
compounds as the Cl mixture plus additional compounds; highlighting the need for further 
exploration of POP mixtures in risk assessment. 

Copyright© 2015. Published by Elsevier Inc. 
PMID: 26772051 [PubMed- as supplied by publisher] 

LCrit Rev Toxicol. 2016 Jan 13:1-53. [Epub ahead of print] 
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Author information: 
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University School of Medicine , Stanford , CA , USA ; 
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• 
5e Division of Allergy and Immunology , Washington University School of Medicine , St. 
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Abstract 

Whether perfluorooctanoate (PFOA) and perfluorooctanesulfonate (PFOS), two widely used 
and biopersistent synthetic chemicals, are immunotoxic in humans is unclear. Accordingly, this 
article systematically and critically reviews the epidemiologic evidence on the association 
between exposure to PFOA and PFOS and various immune-related health conditions in humans. 
Twenty-four epidemiologic studies have reported associations ofPFOA and/or PFOS with 
immune-related health conditions, including ten studies of immune biomarker levels or gene 
expression patterns, ten studies of atopic or allergic disorders, five studies of infectious diseases, 
four studies of vaccine responses, and five studies of chronic inflammatory or autoimmune 
conditions (with several studies evaluating multiple endpoints). Asthma, the most commonly 
studied condition, was evaluated in seven studies. With few, often methodologically limited 
studies of any particular health condition, generally inconsistent results, and an inability to 
exclude confounding, bias, or chance as an explanation for observed associations, the available 
epidemiologic evidence is insufficient to reach a conclusion about a causal relationship between 
exposure to PFOA and PFOS and any immune-related health condition in humans. When 
interpreting such studies, an immunodeficiency should not be presumed to exist when there is 
no evidence of a clinical abnormality. Large, prospective studies with repeated exposure 
assessment in independent populations are needed to confirm some suggestive associations with 
certain endpoints. 
PMID: 26761418 [PubMed- as supplied by publisher] 
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5\CS Nano. 2016 Jan 8. [Epub ahead of print] 

Author information: 

• 
1Future Industries Institute, University of South Australia, Mawson Lakes, South Australia 

5095, Australia. 

• 
2Laser Physics and Photonic Devices Laboratories, University of South Australia , Mawson 

Lakes, South Australia 5095, Australia. 

Abstract 

Herein we report a simple and substrate-independent approach to fabricate transparent oil
repellent coatings, which involves alternate deposition of poly( diallyldimethylammonium) 
(PDDA) and poly( styrenesulfonate) (PSS) onto substrates, followed by incubation of the coated 
objects into perfluorooctanoate (PFO) aqueous solutions for 2 min. Various low-surface-tension 
liquids can easily slide down the coating surfaces on flat substrates at a sliding angle lower than 
12° for 10 J.!L droplets. The coatings are applicable to different substrates including Si, glass, 
plastic, steel, and wood, and those with complex shapes and large surface areas. They are also 
applicable to rough substrates with roughness at both micro/nanoscale and macroscopic scales to 
realize the easy-sliding oil repellency. Incubation of the PDDA/PSS polyelectrolyte multilayers 
(PEMs) into PFO solutions induces an effective but nondestructive substitution of PFO anions 
for PSS in the PEMs, which results in a composite coating with PFO anions homogeneously 
interspersed in both the coating surface and the bulk. Thanks to the as-described "repeating
layer" composition/structure of the coatings, their easy-sliding oil repellency can be self-healed 
after surface decomposition or well maintained after physical damages, due to the replenishing 
surface. Therefore, the advantageous characteristics of the as-developed oil-repellent coatings 
and the simplicity of the preparation protocol make the coatings highly practical for real-world 
applications. It is believed that the coatings can perform as antismudge coatings that shield 
against oil-borne contaminants, chemical-shield coatings that protect coated plastics from 
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dissolution by organic solvents, and nonstick coatings (of oil tankers or pipelines) that enable 
loss-free oil transportation. 
PMID: 26728655 [PubMed- as supplied by publisher] 

6foxicol Appl Pharmacal. 2016 Jan 15;291:84-96. doi: 10.1016/j.taap.2015.12.012. Epub 2015 
Dec 19. 
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Abstract 
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Modified epigenetic programming early in life is proposed to underlie the development of an 
adverse adult phenotype, known as the Developmental Origins of Health and Disease (DOHaD) 
concept. Several environmental contaminants have been implicated as modifying factors of the 
developing epigenome. This underlines the need to investigate this newly recognized 
toxicological risk and systematically screen for the epigenome modifying potential of 
compounds. In this study, we examined the applicability of the zebrafish embryo as a screening 
model for DNA methylation modifications. Embryos were exposed from 0 to 72h post 
fertilization (hpf) to bisphenol-A (BPA), diethylstilbestrol, 17a-ethynylestradiol, nickel, 
cadmium, tributyltin, arsenite, perfluoroctanoic acid, valproic acid, flusilazole, S-azacytidine 
(SAC) in subtoxic concentrations. Both global and site-specific methylation was examined. 
Global methylation was only affected by SAC. Genome wide locus-specific analysis was 
performed for BPA exposed embryos using Digital Restriction Enzyme Analysis of Methylation 
(DREAM), which showed minimal wide scale effects on the genome, whereas potential 
informative markers were not confirmed by pyrosequencing. Site-specific methylation was 
examined in the promoter regions of three selected genes vasa, vtg 1 and cyp 19a2, of which vasa 
(ddx4) was the most responsive. This analysis distinguished estrogenic compounds from metals 
by direction and sensitivity of the effect compared to embryotoxicity. In conclusion, the 
zebrafish embryo is a potential screening tool to examine DNA methylation modifications after 
xenobiotic exposure. The next step is to examine the adult phenotype of exposed embryos and to 
analyze molecular mechanisms that potentially link epigenetic effects and altered phenotypes, to 
support the DOHaD hypothesis. 

Copyright© 201S Elsevier Inc. All rights reserved. 
PMID: 26712470 [PubMed- in process] 

':Chern Res Toxicol. 2016 Jan 11. [Epub ahead of print] 
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Abstract 

Humans are exposed to a huge amount of environmental pollutants called endocrine disrupting 
chemicals (EDCs ). These molecules interfere with the homeostasis of the body, usually through 
mimicking natural hormones leading to activation or blocking of their receptors. Many of these 
compounds have been associated with a broad range of diseases including the development or 
increased susceptibility to breast cancer, the most prevalent cancer in women worldwide, 
according to the World Health Organization. Thus, this article presents a virtual high-throughput 
screening (vHTS) to evaluate the affinity of proteins related to breast cancer, such as ESR1, 
ERBB2, PGR, BCRA1, and SHBG, among others, with EDCs from urban sources. A blind 
docking strategy was employed to screen each protein-ligand pair in triplicate in AutoDock 
Vina 2.0, using the computed binding affinities as ranking criteria. The three-dimensional 
structures were previously obtained from EDCs DataBank and Protein Data Bank, prepared and 
optimized by SYBYL X-2.0. Some of the chemicals that exhibited the best affinity scores for 
breast cancer proteins in each category were 1,3,7,8-tetrachlorodibenzo-p-dioxin, bisphenol A 
derivatives, perfluorooctanesulfonic acid, and benzo(a)pyrene, for catalase, several proteins, sex 
hormone-binding globulin, and cytochrome P450 1A2, respectively. An experimental validation 
of this approach was performed with a complex that gave a moderate binding affinity in silico, 
the sex hormone binding globulin (SHBG), and bisphenol A (BPA) complex. The protein was 
obtained using DNA recombinant technology and the physical interaction with BP A assessed 
through spectroscopic techniques. BPA binds on the recombinant SHBG, and this results in an 
increase of its a helix content. In short, this work shows the potential of several EDCs to bind 
breast cancer associated proteins as a tool to prioritize compounds to perform in vitro analysis to 
benefit the regulation or exposure prevention by the general population. 
PMID: 26700111 [PubMed- as supplied by publisher] 

ffinviron Sci Technol. 2016 Jan 6. [Epub ahead of print] 
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Abstract 

Most children are exposed to perfluoroalkyl substances (PF ASs) through placental transfer, 
breastfeeding, and other environmental sources. To date, there are no validated tools to estimate 
exposure and body burden during infancy and childhood. In this study, we aimed to (i) develop 
a two-generation pharmacokinetic model of prenatal and postnatal exposure to 
perfluorooctanoic acid (PFOA), perfluorooctanesulfonate (PFOS), and 
perfluorohexanesulfonate (PFHxS); and to (ii) evaluate it against measured children's levels in 
two studies. We developed a pharmacokinetic model consisting of a maternal and a child 
compartment to simulate lifetime exposure in women and transfer to the child across the 
placenta and through breastfeeding. To evaluate the model, we performed simulations for each 
mother-child dyad from two studies in which maternal PF AS levels at delivery and children's 
PF AS levels were available. Model predictions based on maternal PF AS levels, sex of child, 
body weight, and duration ofbreastfeeding explained between 52% and 60% of the variability 
in measured children's levels at 6 months of age and between 52% and 62% at 36 months. 
Monte Carlo simulations showed that the daily intake through breastfeeding and resulting 
internal PF AS levels can be much higher in nursing infants than in mothers. This 
pharmacokinetic model shows potential for postnatal exposure assessment in the context of 
epidemiological studies and risk assessment. 
PMID: 26691063 [PubMed- as supplied by publisher] 

<.F.orensic Sci Int. 2016 Jan;258:74-9. doi: 10.1016/j.forsciint.2015.11.007. Epub 2015 Nov 23. 
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Abstract 

To address the need for the forensic analysis of high explosives, a novel capillary 
electrophoresis mass spectrometry (CE-MS) technique has been developed for high resolution, 
sensitivity, and mass accuracy detection of these compounds. The technique uses 
perfluorooctanoic acid (PFOA) as both a micellar electrokinetic chromatography (MEKC) 
reagent for separation of neutral explosives and as the complexation reagent for mass 
spectrometric detection ofPFOA-explosive complexes in the negative ion mode. High 
explosives that formed complexes with PFOA included RDX, HMX, tetryl, and PETN. Some 
nitroaromatics were detected as molecular ions. Detection limits in the high parts per billion 
range and linear calibration responses over two orders of magnitude were obtained. For proof of 
concept, the technique was applied to the quantitative analysis of high explosives in sand 
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samples. 

Copyright © 2015 Elsevier Ireland Ltd. All rights reserved. 
PMID: 26666592 [PubMed- in process] 

19teroids. 2016 Jan; 105:50-8. doi: 10.1016/j.steroids.2015.11.009. Epub 2015 Dec 5. 
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Abstract 

Dehydroepiandrosterone sulfate (DHEAS) and estrone sulfate (E1S) are two of the most 
abundant steroids in the human circulation. The enzyme steroid sulfatase (STS) cleaves the 
sulfate group ofDHEAS and E1S leading to biosynthesis of endogenous hormones such as 
testosterone and estrone. In the current study we aimed at determining the effect ofE1S and 
DHEAS on estrogen receptor (ER) and androgen receptor (AR) transactivation. Using 
luciferase reporter gene assays, the ER and AR transactivities ofE1S and DHEAS were 
determined by direct cell exposure; as well as upon extraction from human serum using a 
method to extract perfluorinated alkyl acids (PFAAs). By direct cell exposure, both E1S and 
DHEAS transactivated the ER and the AR in dose-dependent manners. The DHEAS-induced 
AR transactivity could be abolished by the STS inhibitor STX64. Immunoassay analysis 
confirmed the presence ofE1S and DHEAS in the serum PFAA extracts with mean recoveries 
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below 2.5%. For the PFAA extracts ofhuman male and female serum, only the AR was 
significantly transactivated. The AR transactivity of the sulfated steroids in the extracts was 
abolished by STX64 to obtain the net PFAA induced xenohormone transactivity, but further 
cleanup might be needed at high concentrations ofE1S. 

Copyright© 2015 Elsevier Inc. All rights reserved. 
PMID: 26666359 [PubMed- in process] 

liinviron Sci Technol. 2016 Jan 5. [Epub ahead of print] 
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Abstract 

The occurrence of fluorotelomer alcohols (FTOHs) was investigated in 94 food-contact 
materials (FCMs). We detected 6:2 FTOH (<0.60-1110 ng/g), 8:2 FTOH (<0.40-8490 ng/g), 
and 10:2 FTOH (<0.02-9350 ng/g) in most FCM samples, and four longer-chain C14-2o FTOHs 
were, for the first time, identified in FCMs with relatively high concentrations (<0.02-8450 ng/g 
for 12:2 FTOH, <0.02-1640 ng/g for 14:2 FTOH, <0.02-372 ng/g for 16:2 FTOH, and <0.02-
130 ng/g for 18:2 FTOH). There were three typical profiles ofFTOHs that were dominated by 
6:2 FTOH (95.6 ± 8.1% in 9 FCMs), 8:2 FTOH (50.9 ± 20.8% in 22 FCMs), and 10:2 FTOH 
(44.5 ± 20.9% in 30 FCMs), indicating the congener-specific usage ofFTOHs for different 
commercial purposes. All nine detectable FCMs produced in the United States were dominated 
by 6:2 FTOH, which was significantly different from those produced in China. The median 
concentration of total FTOHs in eco-friendly paper tableware was 2990 ng/g, which was lower 
than in popcorn bags (18 200 ng/g) but much higher than other FCMs (<0.55-38.7 ng/g). 
FTOHs could migrate from paper bowls, with migration efficiencies of 0.004-0.24% into water, 
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0.004-0.24% into 10% ethanol, 0.009-2.79% into 30% ethanol, 0.06-13.0% into 50% ethanol 
(v/v) simulants, and 0.04-2.28% into oil. Migration efficiencies decreased with increasing 
carbon chain lengths of FTOHs. 
PMID: 26655429 [PubMed- as supplied by publisher] 

!Environ Sci Technol. 2016 Jan 5;50(1):240-8. doi: 10.1021/acs.est.5b04854. Epub 2015 Dec 
21. 
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Abstract 

The subsurface recalcitrance of perfluoroalkyl acids (PF AAs) derived from aqueous film
forming foams could have adverse impacts on the microbiological processes used for the 
bioremediation of co-mingled chlorinated solvents such as trichloroethene (TCE). Here, we 
show that reductive dechlorination by a methanogenic, mixed culture was significantly inhibited 
when exposed to concentrations representative of PF AA source zones (>66 mg/L total of 11 
PF AA analytes, 6 mg/L each). TCE dechlorination, cis-dichloroethene and vinyl chloride 
production and dechlorination, and ethene generation were all inhibited at these PF AA 
concentrations. Phylogenetic analysis revealed that the abundances of 65% of the operational 
taxonomic units (OTUs) changed significantly when grown in the presence ofPFAAs, although 
repression or enhancement resulting from PF AA exposure did not correlate with putative 
function or phylogeny. Notably, there was significant repression ofDehalococcoides (8-fold 
decrease in abundance) coupled with a corresponding enhancement of methane-generating 
Archaea (a 9-fold increase). Growth and dechlorination by axenic cultures ofDehalococcoides 
mccartyi strain 195 were similarly repressed under these conditions, confirming an inhibitory 

ED _000954(915)_Processed_PSTs-2_DD _00004 790-00019 



EPA-HQ-2016-005679 06/14/2017 

response of this pivotal genus to PF AA presence. These results suggest that chlorinated solvent 
bioattenuation rates could be impeded in subsurface environments near PF AA source zones. 
PMID: 26636352 [PubMed- in process] 
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Abstract 

The concentrations of seven perfluoroalkyl substances (PF ASs) were investigated in 36 
European chub (Squalius cephalus) individuals from six localities in the Czech Republic. Chub 
muscle and liver tissue were analysed at all sampling sites. In addition, analyses of 16 target 
PF ASs were performed in Polar Organic Chemical Integrative Samplers (POCISs) deployed in 
the water at the same sampling sites. We evaluated the possibility of using passive samplers as a 
standardized method for monitoring PF AS contamination in aquatic environments and the 
mutual relationships between determined concentrations. Only perfluorooctane sulphonate was 
above the LOQ in fish muscle samples and 52% of the analysed fish individuals exceeded the 
Environmental Quality Standard for water biota. Fish muscle concentration is also particularly 
important for risk assessment of fish consumers. The comparison of fish tissue results with 
published data showed the similarity of the Czech results with those found in Germany and 
France. However, fish liver analysis and the passive sampling approach resulted in different fish 
exposure scenarios. The total concentration ofPFASs in fish liver tissue was strongly correlated 
with POCIS data, but pollutant patterns differed between these two matrices. The differences 
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could be attributed to the metabolic activity of the living organism. In addition to providing a 
different view regarding the real PF AS cocktail to which the fish are exposed, POCISs fulfil the 
Three Rs strategy (replacement, reduction, and refinement) in animal testing. 

Copyright© 2015 Elsevier Inc. All rights reserved. 
PMID: 26599587 [PubMed- in process] 
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Abstract 

In textiles, like outdoor clothing, per- and polyfluoroalkyl substances (PF ASs) are often used 
for durable water repellency (DWR) of the final products. The analytical performance to 
determine the concentration of these chemicals available for exposure to humans and to the 
environment need to be established. Here a method for the extraction and analysis of one class 
of PF ASs, namely perfluoroalkyl acids (PF AAs ), in outdoor clothing was developed and 
validated. The PF AAs which were validated, included perfluoroalkyl carboxylic acids (PFCAs) 
(C4-C14), and perfluoroalkane sulfonic acids (PFSAs) (C4, C6, C7, C8). In addition, 
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perfluorooctane sulfonamide (FOSA) was included in this study. The method was based on an 
organic solvent extraction and analysis by high-performance liquid chromatography-tandem 
mass spectrometry (LC-MS/MS). No further cleaning was needed. Two commonly used organic 
solvent compositions were evaluated for the optimal extraction, i.e. methanol and 
acetone/acetonitrile (80:20, v/v), and the number and duration of the sequential extractions were 
optimized. Results showed that two sequential extractions with 5mL methanol and an extraction 
time of 30min gave an optimal performance with an extraction efficiency of >90%. The 
influence of matrix on the quantification of PF AAs was studied. This indicated ion suppression 
due to different matrix effects or sorption behavior to specific textile samples. Validation of the 
entire method showed overall recoveries of>80% and relative standard deviations (RSDs) 
of<9% (n=3) for repeatability and <20% (n=3) for reproducibility. This is the first validation of 
an analytical method for the analysis of extractable PFCAs, PFSAs and FOSA associated to 
textiles, which is of high importance due to the regulation of PF AAs in textile. 

Copyright© 2015 Elsevier B.V. All rights reserved. 
PMID: 26592570 [PubMed- in process] 
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Abstract 

Many perfluoroalkyl substances (PF AS) are ubiquitous environmental contaminants. They have 
been widely used in production processes and daily-use products or may result from 
degradation of precursor compounds in products or the environment. India, with its developing 
industrialization and population moving from traditional to contemporary lifestyles, represents 
an interesting case study to investigate PF AS emission and exposure along steep environmental 
and socioeconomic gradients. This study assesses PF AS concentrations in river and 
groundwater (used in this region as drinking water) from several locations along the Ganges 
River and estimates direct emissions, specifically for PFOS and PFOA. 15 PFAS were 
frequently detected in the river with the highest concentrations observed for PFHxA (0.4-
4.7 ng L(-1)) and PFBS (<MQL- 10.2 ng L(-1)) among PFCAs and PFSAs, respectively. 
Prevalence of short-chain PF AS indicates that the effects of PFOA and PFOS substitution are 
visible in environmental samples from India. The spatial pattern of C5-C7 PFCAs co-varied 
with that of PFOS suggesting similar emission drivers. PFDA and PFNA had much lower 
concentrations and covaried with PFOA especially in two hotspots downstream ofKanpur and 
Patna. PFOS and PFOA emissions to the river varied dramatically along the transect (0.20-190 
and 0.03-150 g d(-1), respectively). PFOS emission pattern could be explained by the number of 
urban residents in the subcatchment (rather than total population). Per-capita emissions were 
lower than in many developed countries. In groundwater, PFBA (<MQL- 9.2 ng L(-1)) and 
PFBS (<MQL- 4.9 ng L(-1)) had the highest concentrations among PFCAs and PFSAs, 
respectively. Concentrations and trends in groundwater were generally similar to those observed 
in surface water suggesting the aquifer was contaminated by wastewater receiving river water. 
Daily PF AS exposure intakes through drinking water were below safety thresholds for oral non
cancer risk in all age groups. 
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Abstract 

OBJECTIVE: 

To examine relationships between prenatal perfluoroalkyl substance (PF AS) exposure and 
adiposity in children born to women who lived downstream from a fluoropolymer 
manufacturing plant. 

METHODS: 
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Data are from a prospective cohort in Cincinnati, Ohio (HOME Study). Perfluorooctanoic 
(PFOA), perfluorooctane sulfonic (PFOS), perfluorononanoic (PFNA), and perfluorohexane 
sulfonic (PFHxS) acids were measured in prenatal serum samples. Differences were measured 
in body mass index z-scores (BMI), waist circumference, and body fat at 8 years of age (n = 
204) and BMI between 2-8 years of age (n = 285) according to PFAS concentrations. 

RESULTS: 

Children born to women in the top two PFOA terciles had greater adiposity at 8 years than 
children in the 1st tercile. For example, waist circumference (em) was higher among children in 
the 2nd (4.3; 95% CI: 1.7, 6.9) and 3rd tercile (2.2; 95% CI: -0.5, 4.9) compared to children in 
the 1st tercile. Children in the top two PFOA terciles also had greater BMI gains from 2 to 8 
years compared to children in the 1st tercile (P < 0.05). PFOS, PFNA, and PFHxS were not 
associated with adiposity. 

CONCLUSIONS: 

In this cohort, higher prenatal serum PFOA concentrations were associated with greater 
adiposity at 8 years and a more rapid increase in BMI between 2-8 years. 

© 2015 The Obesity Society. 

PMCID: PMC4688224 [Available on 2017-01-01] 
PMID: 26554535 [PubMed- in process] 
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Abstract 

PFOS is a chemical of nearly ubiquitous exposure in humans. Recent studies have associated 
PFOS exposure to adipose tissue-related effects. The present study was to determine whether 
PFOS alters the process of adipogenesis and regulates insulin-stimulated glucose uptake in 
mouse and human preadipocytes. In murine-derived 3T3-Ll preadipocytes, PFOS enhanced 
hormone-induced differentiation to adipocytes and adipogenic gene expression, increased 
insulin-stimulated glucose uptake at concentrations ranging from 10 to 1 OOJ.!M, and enhanced 
Glucose transporter type 4 and Insulin receptor substrate- I expression. Nuclear factor (erythroid 
derived 2)-like 2 (Nrf2), NAD(P)H dehydrogenase, quinone 1 and Glutamate-cysteine ligase, 
catalytic subunit were significantly induced in 3T3-Ll cells treated with PFOS, along with a 
robust induction of Antioxidant Response Element (ARE) reporter in mouse embryonic 
fibroblasts isolated from ARE-hP AP transgenic mice by PFOS treatment. Chromatin 
immunoprecipitation assays further illustrated that PFOS increased Nrf2 binding to ARE sites 
in mouse Nqol promoter, suggesting that PFOS activated Nrf2 signaling in murine-derived 
preadipocytes. Additionally, PFOS administration in mice (IOOJ.lg/kg/day) induced adipogenic 
gene expression and activated Nrf2 signaling in epididymal white adipose tissue. Moreover, the 
treatment on human visceral preadipocytes illustrated that PFOS (5 and 50J.1M) promoted 
adipogenesis and increased cellular lipid accumulation. It was observed that PFOS increased 
Nrf2 binding to ARE sites in association with Nrf2 signaling activation, induction of 
Peroxisome proliferator-activated receptor y and CCAAT/enhancer-binding protein a 
expression, and increased adipogenesis. This study points to a potential role of PFOS in 
dysregulation of adipose tissue expandability, and warrants further investigations on the adverse 
effects of persistent pollutants on human health. 

Copyright© 2015 Elsevier Inc. All rights reserved. 
PMID: 26548598 [PubMed- in process] 

l'Roxicol Lett. 2016 Jan 5;240(1):226-35. doi: 10.1016/j.toxlet.2015.10.023. Epub 2015 Oct 31. 
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Abstract 

Perfluorooctane sulfonate (PFOS) is the most representative of a rising class of persistent 
organic pollutants perfluorochemicals. In the present study, its neurotoxicity was examined 
using adult male rats orally treated with 0.5; 1.0; 3.0 and 6.0mg ofPFOS/kg/day for 28 days. At 
the end of the treatment, the dopamine concentration and its metabolism expressed like the ratio 
3,4-dihydroxyphenylacetic acid (DOPAC)/dopamine and homovanillic acid (HVA)/dopamine 
were measured in the amygdala, prefrontal cortex and hippocampus. Gene and protein 
expression of the dopamine receptors D 1 and D2 were also determined in these limbic areas. 
The obtained results suggest that: (1) PFOS can alter the dopamine system by modifying its 
neuronal activity and/or its D1 and D2 receptors in the studied brain regions; (2) the dopamine 
concentration and metabolism seem to be more sensitive against PFOS toxicity in the 
hippocampus than in the other analyzed brain areas; (3) the inhibited gene and protein 
expression of the D 1 receptors induced by PFOS in the amygdala could be related to several 
changes in the HP A axis activity, and lastly; ( 4) the observed alterations on the dopamine 
system induced by PFOS could be a possible neurotoxicity mechanism of PFOS, leading to 
many neurological diseases. 

Copyright © 2015 Elsevier Ireland Ltd. All rights reserved. 
PMID: 26529483 [PubMed- in process] 
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Abstract 

Perfluorinated chemicals (PFCs) are ubiquitous and persistent pollutants widely detected in 
blood samples of animals and humans across the globe. Although animal studies have shown 
the potential neurotoxicity of PFCs, there are few epidemiological studies regarding 
neurological effects of PFCs in humans, and those studies have had inconclusive results. In this 
study, we conducted a hospital-based prospective birth cohort study between 2002 and 2005 
(n=514) to examine the associations between prenatal perfluorooctane sulfonate (PFOS) and 
perfluorooctanoate (PFOA) exposures and the neurodevelopment of infants at 6 (n=173) and 18 
(n=133) months of age. Using the second edition of the Bayley Scales oflnfant Development 
(BSID II), the Mental and Psychomotor Developmental Indices (MDI and PDI, respectively) 
were assessed. PFOS and PFOA were measured in maternal serum samples by liquid 
chromatography-tandem mass spectrometry. After controlling for confounders, prenatal PFOA 
concentrations were associated with the MDI of female (but not male) infants at 6months of age 
(~=-0.296; 95% confidence interval (CI): -11.96, -0.682). Furthermore, females born to mothers 
with prenatal concentrations ofPFOA in the fourth quartile had MDI scores -5.05 (95% CI:-
10.66 to 0.55) lower than females born to mothers with concentrations ofPFOA in the first 
quartile (p for trend=0.045). However, PFOA concentrations were not significantly associated 
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with neurodevelopmental indices at 18months of age. In addition, we did not observe any 
significant association between PFOS concentrations and neurodevelopmental outcomes in 
early infancy. In conclusion, our results suggest that prenatal PFOA exposure may affect female 
mental scales of neurodevelopment at 6months of age. Further studies with larger sample sizes 
and longer observation periods are required to clarify sex difference of the neurodevelopmental 
effects. 

Copyright© 2015 Elsevier B.V. All rights reserved. 
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Abstract 

While the recycling of wastewater biosolids via land-application is a sustainable practice for 
nutrient recovery and soil reclamation that has become increasingly common worldwide, 
concerns remain that this practice may become a source of toxic, persistent organic pollutants to 
the environment. This study concentrates on assessing the presence and the temporal trends of 
12 perfluoroalkyl substances (PF ASs), pollutants of global consequence, in limed Class B 
biosolids from a municipal water resource recovery facility (WRRF), also know as a wastewater 
treatment plant. PF ASs are of significant concern due to their extensive presence and 
persistence in environmental and biotic samples worldwide, most notably human blood samples. 
Class B biosolids were collected from the WRRF, prior to land-application, approximately 
every two to three months, from 2005 to 2013. Overall, this study found that concentrations of 
the 7 detectable PF AS compounds remained unchanged over the 8-year period, a result that is 
consistent with other temporal studies of these compounds in sewage sludges. From these 
analyzed compounds, the highest mean concentrations observed over the study period were 
25.1 ng/g dw, 23.5 ng/g dw, and 22.5 ng/g dw for perfluorononanoic acid (PFNA), 
perfluorooctanoic acid (PFOA), and perfluorooctanesulfonic acid (PFOS), respectively, and 
these compounds were detected at concentrations 2.5-5 times higher than the remaining, 
detectable PF ASs. Furthermore, it was observed that PFOS, while demonstrating no overall 
change during the study, exhibited a visible spike in concentration from late 2006 to early 2007. 
This study indicates that concentrations of PF ASs in WRRFs have been stagnant over time, 
despite regulation. This study also demonstrates that the use of glass jars with 
polytetrafluoroethylene-lined lids, a common storage method for environmental samples, will 
not influence PFOA and PFNA concentrations in archived biosolids samples. 

Copyright© 2015 Elsevier Ltd. All rights reserved. 
PMID: 26413802 [PubMed- in process] 
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Abstract 

Perfluorooctanoic acid (C7F15COOH, PFOA) is an aqueous anionic surfactant and a persistent 
organic pollutant. It can be easily adsorbed onto the bubble-water interface and both 
mineralized and degraded by ultrasonic (US) cavitation at room temperature. The aim of this 
study is to investigate whether the effect of US on the degradation ofPFOA in solution can be 
enhanced by the addition of surfactant. To achieve this aim, we first investigated the addition of 
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a cationic (hexadecyl trimethyl ammonium bromide, CTAB), a nonionic (octyl phenol 
ethoxylate, TritonX-100), and an anionic (sodium dodecyl sulfate, SDS) surfactant. We found 
the addition ofCTAB to have increased the degradation rate the most, followed by TritonX-
100. SDS inhibited the degradation rate. We then conducted further experiments characterizing 
the removal efficiency ofCTAB at varying surfactant concentrations and solution pHs. The 
removal efficiency ofPFOA increased with CTAB concentration, with the efficiency reaching 
79% after 120 min at 25°C with a 0.12 mM CTAB dose. 

Copyright© 2015 Elsevier B.V. All rights reserved. 
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Abstract 

Perfluorooctane sulfonate (PFOS) and zinc have been detected in aquatic environment widely. 
In order to study the combined effects of PFOS and Zn, a series of experiments was conducted 
to explore the acute mortality, bioaccumulation and antioxidant status ofLimnodrilus 
hoffmeisteri. The acute toxicity was evaluated by calculating 24h-EC50 values, and it was 
observed that 24h-EC50 values in single and joint treatments decreased with decreasing pH 
value or increasing exposure concentration. Toxic unit analysis suggested that the combined 
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effects of the PFOS+Zn binary mixture were mostly simple addition, with 8 groups showing 
synergism and only one group showing antagonism. The analysis of internal Zn and PFOS 
concentration showed that the possible interaction between Zn and PFOS can affect the 
bioaccumulation of the two chemicals in L. hoffmeisteri. In addition, oxidative stress status was 
assessed by measuring oxidation-related biochemical parameters such as superoxide dismutase, 
glutathione peroxidase and malondialdehyde, and the integrated biomarker response index was 
estimated to rank the toxicity order. Exposures to Zn and PFOS were found to evoke some 
changes in the antioxidant defense system, and a strong self-adaptive ability was noticed for L. 
hoffmeisteri after 10 d exposure. 

Copyright© 2015 Elsevier B.V. All rights reserved. 
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Abstract 

Biomagnifying organohalogenated compounds (OHCs) may have adverse effects on the health 
of birds, especially marine avian top predators that accumulate high OHC loads. Contaminants 
may impair the humoral immunity and also influence the antioxidant enzyme activity (i.e. 
oxidative stress). Moreover, physical conditions and oxidative stress during development may 
reduce telomere lengths, one of the main mechanisms explaining cell senescence. To examine 
the potential effects of environmental contaminants on physiological biomarkers of health, 
OHCs with different 'physicochemical' properties were related to immunoglobulin Y levels 
(IgY; humoral immunity), superoxide dismutase enzyme (SOD) activity in blood plasma, and 
telomere length (measured in red blood cells) in individual 7-8weeks old nestlings (n=35) of 
white-tailed eagles (Haliaeetus albicilla) in the Norwegian Sub-Arctic. Different 
organochlorines (OCs) and perfluoroalkylated substances (PFASs) were measured in blood 
plasma of nestlings, demonstrating higher concentrations of the emerging contaminants 
(PF ASs), notably perfluorooctane sulfonate (PFOS), compared to legacy OCs. There were no 
relationships between the contaminant loads and plasma IgY levels. Moreover, differences 
between years were found for telomere lengths, but this was not related to contaminants and 
more likely a result of different developmental conditions. However, there were significant and 
negative relationships between the OC loadings and the SOD activity. This suggests that some 
legacy OCs challenge the antioxidant capacity in nestlings of white-tailed eagles. 

Copyright© 2015 Elsevier B.V. All rights reserved. 
PMID: 26367189 [PubMed- in process] 

2Sci Total Environ. 2016 Jan 1;539:277-85. doi: 10.1016/j.scitotenv.2015.08.142. Epub 2015 
Sep 10. 
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Abstract 

We estimated inflow rates ofperfluorooctanesulfonate (PFOS) and perfluorooctanoate (PFOA) 
to Tokyo Bay, Japan, between Febmary 2004 and Febmary 2011 by a receptor-oriented 
approach based on quarterly samplings of the bay water. Temporal trends in these inflow rates 
are an important basis for evaluating changes in PFOS and PFOA emissions in the Tokyo Bay 
catchment basin. A mixing model estimated the average concentrations of these compounds in 
the freshwater inflow to the bay, which were then multiplied by estimated freshwater inflow 
rates to obtain the inflow rates of these compounds. The receptor-oriented approach enabled us 
to comprehensively cover inflow to the bay, including inflow via direct discharge to the bay. On 
a logarithmic basis, the rate of inflow for PFOS decreased gradually, particularly after 2006, 
whereas that for PFOA exhibited a marked stepwise decrease from 2006 to 2007. The rate of 
inflow for PFOS decreased from 730kg/y during 2004-2006 to 160kg/y in 2010, whereas that 
for PFOA decreased from 2000kg/y during 2004-2006 to 290kg/y in 2010. These reductions 
probably reflected reductions in the use and emission of these compounds and their precursors 
in the Tokyo Bay catchment basin. Our estimated per-person inflow rates (i.e., inflow rates 
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divided by the estimated population in the basin) for PFOS were generally comparable to 
previously reported per-person waterborne emission rates in Japan and other countries, whereas 
those for PFOA were generally higher than previously reported per-person waterborne emission 
rates. A comparison with previous estimates of household emission rates of these compounds 
suggested that our inflow estimates included a considerable contribution from point industrial 
sources. 

Copyright© 2015. Published by Elsevier B.V. 

PMID: 26363401 [PubMed- in process] 
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Human exposure to perfluoroalkyl substances (PF ASs) occurs primarily via dietary intake and 
drinking water. In this study, 16 PF ASs have been assessed in 96 drinking waters (3 8 bottled 
waters and 58 samples of tap water) from Brazil, France and Spain. The total daily intake and 
the risk index (RI) of 16 PF ASs through drinking water in Brazil, France and Spain have been 
estimated. This study was carried out using an analytical method based on an online sample 
enrichment followed by liquid chromatography coupled to tandem mass spectrometry (LC
MS/MS). The quality parameters of the analytical method were satisfactory for the analysis of 
the 16 selected compounds in drinking waters. Notably, the method limits of detection (MLOD) 
and method limits of quantification (MLOQ) were in the range of 0.15 to 8. 7 6ng/l and 0. 4 7 to 
26.54ng/l, respectively. The results showed that the highest PFASs concentrations were found 
in tap water samples and the more frequently found compound was perfluorooctanesulfonic acid 
(PFOS), with mean concentrations of 7.73, 15.33 and 15.83ng/l in French, Spanish and 
Brazilian samples, respectively. In addition, PFOS was detected in all tap water samples from 
Brazil. The highest level of PF ASs contamination in a single sample was 140 .48ng/l in a sample 
of Spanish tap water. In tum, in bottled waters the highest levels were detected in a French 
sample with 116ng/l as the sum ofPFASs. Furthermore, the most frequent compounds and 
those at higher concentrations were perfluoroheptanoic acid (PFHpA) with a mean of 
frequencies in the three countries of 51.3%, followed by perfluorobutanesulfonic acid (PFBS) 
(27.2%) and perfluorooctanoic acid (PFOA) (23.0%). Considering that bottled water is 
approximately 38% of the total intake, the total PF ASs exposure through drinking water intake 
for an adult man was estimated to be 54.8, 58.0 and 75.6ng/person per day in Spain, France and 
Brazil, respectively. However, assuming that the water content in other beverages has at least 
the same levels of contamination as in bottled drinking water, these amounts were increased to 
72.2, 91.4 and 12l.Ong/person per day for an adult man in Spain, France and Brazil, 
respectively. The results of total daily intake in different gender/age groups showed that 
children are the most exposed population group through hydration with maximum values in 
Brazil of 2.35 and 2.01ng/kg body weight (BW)/day for male and female, respectively. Finally, 
the RI was calculated. In spite of the highest values being found in Brazil, it was demonstrated 
that, in none of the investigated countries, drinking water pose imminent risk associated with 
PF ASs contamination. 

Copyright© 2015 Elsevier B.V. All rights reserved. 
PMID: 26360456 [PubMed- in process] 

2Environ Sci Pollut Res Int. 2016 Jan;23(1):426-37. doi: 10.1007/s11356-015-5248-2. Epub 
2015 Aug 27. 
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Abstract 

Perfluooctane sulfonate (PFOS) is considered an emerging pollutant because of its wide 
distribution in both aquatic and terrestrial ecosystems, as well as its potential toxicity to living 
organisms. Although PFOS environmental levels and the adverse effects on classical model 
organisms in toxicological studies are well known, including developmental alterations and 
alteration of oxidative status, its toxicity to free-living species has been seldom investigated. 
The aim of this study was to assess the potential toxicity of environmental levels of PFOS to 
yellow-legged gull (Larus michahellis) embryos under field experimental conditions. In a 
within-clutch experimental design, we injected two PFOS concentrations (100 ng PFOS/g egg 
weight and 200 ng PFOS/g egg weight) in ovo soon after laying. Eggs were collected when they 
reached the cracking stage. We investigated the effects of PFOS treatment, laying order and sex 
on both morphological and biochemical endpoints of embryos. Specifically, we assessed 
changes in embryo body mass and tarsus length, as well as in liver and brain mass. Moreover, 
the imbalance of oxidative status was evaluated in both liver and brain from embryos by 
measuring total antioxidant capacity (TAC) and total oxidant status (TOS), while the levels of 
protein carbonyl content (PCO) and DNA fragmentation were measured as oxidative and 
genetic damage endpoints, respectively. The concentrations of PFOS we tested did not 
significantly alter the morphological endpoints, independently of laying order and sex. 
Similarly, embryo oxidative status and oxidative and genetic damage were not significantly 
affected by PFOS in ovo exposure. These findings suggest that current environmental PFOS 
levels do not affect early development of yellow-legged gull embryos. 
PMID: 26310703 [PubMed- in process] 
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Abstract 

Mediterranean rivers are characteristically irregular with changes in flow and located in high 
population density areas. This affects the concentration of pollutants in the aquatic 
environments. In this study, the occurrence and sources of 21 perfluoroalkyl substances 
(PF ASs) were determined in water, sediment and biota of the Ebro and Guadalquivir river 
basins (Spain). In water samples, of21 analytes screened, 11 were found in Ebro and 9 in 
Guadalquivir. In both basins, the most frequents were PFBA, PFPeA and PFOA. Maximum 
concentration was detected for PFBA, up to 251.3ngL(-1) in Ebro and 742.9ngL(-1) in 
Guadalquivir. Regarding the sediments, 8 PF ASs were detected in the samples from Ebro and 9 
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in those from Guadalquivir. The PF ASs most frequently detected were PFBA, PFPeA, PFOA 
and PFOS. Maximum concentration in Ebro samples was, in dry weight, for PFOA (32.3ngg(-
1 )) and in Guadalquivir samples for PFBA (63.8ngg(-1 )). For biota, 12 PFASs were detected in 
fish from the Ebro River and only one (PFOS) in that from Guadalquivir. In the Ebro basin, the 
most frequents were PFBA, PFHxA, PFOA, PFBS, PFOS and PFOSA. Maximum concentration 
in Ebro samples was, in wet weight, for PFHxA with 1280.2ngg(-1), and in Guadalquivir 
samples for PFOS with 79.8ngg(-1). These compounds were detected in the whole course of the 
rivers including the upper parts. In some points contamination was due to point sources mostly 
related to human activities (e.g. ski resorts, military camps, urban areas.). However, there are 
also some areas clearly affected by diffuse sources as atmospheric deposition. 

Copyright© 2015 Elsevier B.V. All rights reserved. 
PMID: 26250865 [PubMed- in process] 

2Hnviron Health Perspect. 2016 Jan;124(1):126-32. doi: 10.1289/ehp.1409044. Epub 2015 Jun 
19. 

Author information: 

• 
1Environmental Health Sciences Graduate Program, University of California, Irvine, Irvine, 

California, USA. 

Abstract 

BACKGROUND: 

Uncertainty in exposure estimates from models can result in exposure measurement error and 
can potentially affect the validity of epidemiological studies. We recently used a suite of 
environmental models and an integrated exposure and pharmacokinetic model to estimate 
individual perfluorooctanoate (PFOA) serum concentrations and assess the association with 
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preeclampsia from 1990 through 2006 for the C8 Health Project participants. 

OBJECTIVES: 

The aims of the current study are to evaluate impact of uncertainty in estimated PFOA drinking
water concentrations on estimated serum concentrations and their reported epidemiological 
association with preeclampsia. 

METHODS: 

For each individual public water district, we used Monte Carlo simulations to vary the year-by
year PFOA drinking-water concentration by randomly sampling from lognormal distributions 
for random error in the yearly public water district PFOA concentrations, systematic error 
specific to each water district, and global systematic error in the release assessment (using the 
estimated concentrations from the original fate and transport model as medians and a range of 2-
, 5-, and 10-fold uncertainty). 

RESULTS: 

Uncertainty in PFOA water concentrations could cause major changes in estimated serum 
PFOA concentrations among participants. However, there is relatively little impact on the 
resulting epidemiological association in our simulations. The contribution of exposure 
uncertainty to the total uncertainty (including regression parameter variance) ranged from 5% to 
31%, and bias was negligible. 

CONCLUSIONS: 

We found that correlated exposure uncertainty can substantially change estimated PFOA serum 
concentrations, but results in only minor impacts on the epidemiological association between 
PFOA and preeclampsia. 

CITATION: 

Avanasi R, Shin HM, Vieira VM, Savitz DA, Bartell SM. 2016. Impact of exposure uncertainty 
on the association between perfluorooctanoate and preeclampsia in the C8 Health Project 
population. Environ Health Perspect 124:126-132; http://dx.doi.org/10.1289/ehp.1409044. 

PMID: 26090912 [PubMed- in process] 

3Environ Health Perspect. 2016 Jan;124(1):81-7. doi: 10.1289/ehp.l307909. Epub 2015 Jun 9. 
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Abstract 

BACKGROUND: 

Perfluoroalkyl substances (PFASs), including perfluorooctanoic acid (PFOA), perfluorooctane 
sulfonic acid (PFOS), perfluorohexane sulfonic acid (PFHxS), and perfluorononanoic acid 
(PFNA), are detectable in the serum of95% of the U.S. 

OBJECTIVE: 

Considering the role of PF ASs as endocrine disruptors, we examined their relationships with 
bone health. 

METHODS: 

The association between serum PF AS concentration and bone mineral density at total femur 
(TFBMD), femoral neck (FNBMD), lumbar spine (LSBMD), and physician-diagnosed 
osteoporosis was assessed in 1,914 participants using data from the National Health and 
Nutritional Examination Survey 2009-2010. 

RESULTS: 

The mean age of the participants was 43 years. Men had higher serum PF AS concentrations 
than women (p < 0.001) except for PFNA. In both sexes, serum PFOS concentrations were 
inversely associated with FNBMD (p < 0.05). In women, significant negative associations were 
observed for natural log (ln)-transformed PFOS exposure with TFBMD and FNBMD, and for ln 
transformed PFOA exposure with TFBMD (p < 0.05). In postmenopausal women, serum PFOS 
was negatively associated with TFBMD and FNBMD, and PFNA was negatively associated 
with TFBMD, FNBMD, and LSBMD (all p < 0.05). With one log unit increase in serum PFOA, 
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PFHxS, and PFNA, osteoporosis prevalence in women increased as follows: [adjusted odds 
ratios (aORs)] 1.84 (95% CI: 1.17, 2.905), 1.64 (95% CI: 1.14, 2.38), and 1.45 (95% CI: 1.02, 
2.05), respectively. In women, the prevalence of osteoporosis was significantly higher in the 
highest versus the lowest quartiles of PFOA, PFHxS, and PFNA, with aORs of 2.59 (95% CI: 
1.01, 6.67), 13.20 (95% CI: 2.72, 64.15), and 3.23 (95% CI: 1.44, 7.21), respectively, based on 
77 cases in the study sample. 

CONCLUSION: 

In a representative sample of the U.S. adult population, serum PF AS concentrations were 
associated with lower bone mineral density, which varied according to the specific PF AS and 
bone site assessed. Most associations were limited to women. Osteoporosis in women was also 
associated with PF AS exposure, based on a small number of cases. 

CITATION: 

Khalil N, Chen A, Lee M, Czerwinski SA, Ebert JR, DeWitt JC, Kannan K. 2016. Association 
ofperfluoroalkyl substances, bone mineral density, and osteoporosis in the U.S. population in 
NHANES 2009-2010. Environ Health Perspect 124:81-87; 

http:/ /dx.doi.org/1 0.1289/ehp.1307909. 

PMID: 26058082 [PubMed- in process] 

31Inviron Health Perspect. 2016 Jan;124(1):151-6. doi: 10.1289/ehp.1409288. Epub 2015 Jun 5. 
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Abstract 

BACKGROUND: 

Exposure to perfluorooctane sulfonate (PFOS) may potentially disturb fetal Leydig cell 
hormone production and male genital development. 

OBJECTIVES: 

We aimed to study the associations between levels of amniotic fluid PFOS, fetal steroid 
hormone, and insulin-like factor 3 (INSL3) and the prevalence of cryptorchidism and 
hypospadias. 

METHODS: 

Using the Danish National Patient Registry, we selected 270 cryptorchidism cases, 75 
hypospadias cases, and 300 controls with stored maternal amniotic fluid samples available in a 
Danish pregnancy-screening biobank (1980-1996). We used mass spectrometry to measure 
PFOS in amniotic fluid from 645 persons and steroid hormones in samples from 545 persons. 
INSL3 was measured by immunoassay from 475 persons. Associations between PFOS 
concentration in amniotic fluid, hormone levels, and genital malformations were assessed by 
confounder-adjusted linear and logistic regression. 

RESULTS: 

The highest tertile of PFOS exposure (> 1.4 ng/mL) in amniotic fluid was associated with a 
40% (95% CI: -69, -11 %) lower INSL3 level and an 18% (95% CI: 7, 29%) higher testosterone 
level compared with the lowest tertile (< 0.8 ng/mL). Amniotic fluid PFOS concentration was 
not associated with cryptorchidism or hypospadias. 

CONCLUSIONS: 

Environmental PFOS exposure was associated with steroid hormone and INSL3 concentrations 
in amniotic fluid, but was not associated with cryptorchidism or hypospadias in our study 
population. Additional studies are needed to determine whether associations with fetal hormone 
levels may have long-term implications for reproductive health. 

CITATION: 

Toft G, Jonsson BA, Bonde JP, N0rgaard-Pedersen B, Hougaard DM, Cohen A, Lindh CH, 
Ivell R, Anand-Ivell R, Lindhard MS. 2016. Perfluorooctane sulfonate concentrations in 
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amniotic fluid, biomarkers of fetal Leydig cell function, and cryptorchidism and hypospadias in 
Danish boys (1980-1996). Environ Health Perspect 124:151-156; 

http:/ /dx.doi.org/1 0.1289/ehp.1409288. 

PMID: 26046833 [PubMed- in process] 
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Abstract 

Per- and polyfluorinated compounds (PFCs) have been attracting increasing attention due to 
their considerable persistence, bioaccumulation, and toxicity. Here, we studied the sorption 
behavior of three PFCs, viz. perfluorooctanesulfonic acid (PFOS), perfluorooctanecarboxylic 
acid (PFOA), perfluorohexanesulfonic acid (PFHxS), on one activated carbon (AC) and two 
biochars from different feedstocks, viz. mixed wood (MW) and paper mill waste (PMW). In 
addition, we explored the potential of remediating three natively PFC contaminated soils by the 
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addition of AC or biochar. The sorption coefficient i.e. Freundlich coefficients LogKF, 
(Jlg/kg)/(Jlg/L)(n), for the two biochars were 4.61±0.11 and 4.41±0.05 for PFOS, 3.02±0.04 and 
3.01±0.01 for PFOA, and 3.21±0.07 and 3.18±0.03 for PFHxS, respectively. The AC sorbed the 
PFCs so strongly that aqueous concentrations were reduced to below detection limits, implying 
that the LogKF values were above 5.60. Sorption capacities decreased in the order: 
AC>MW>PMW, which was consistent with the material's surface area and pore size 
distribution. PFC sorption to MW biochar was near-linear (Freundlich exponent nF of 0.87-
0.90), but non-linear for PMW biochar (0.64-0.73). Addition of the ACto contaminated soils 
resulted in almost complete removal ofPFCs from the water phase and a significant (i.e. 1-3 
Log unit) increase in soil-water distribution coefficient LogKd. However, small to no reduction 
in pore water concentration, and no effect on LogKd was found for the biochars. We conclude 
that amendment with AC but not biochar can be a useful method for in situ remediation of PFC
contaminated soils. 

Copyright© 2015 Elsevier Ltd. All rights reserved. 
PMID: 25956025 [PubMed- in process] 
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Abstract 

I 

Perfluorooctane sulfonate (PFOS) is a man-made fluorosurfactant and global pollutant. PFOS a 
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persistent and bioaccumulative compound, and it is widely distributed in humans and wildlife. 
Therefore, it was added to Annex B of the Stockholm Convention on Persistent Organic 
Pollutants in May 2009. Curcumin is a natural polyphenolic compound abundant in the rhizome 
of the perennial herb turmeric. It is commonly used as a dietary spice and coloring agent in 
cooking and anecdotally as an herb in traditional Asian medicine. In this study, male rats were 
treated with three different PFOS doses (0.6, 1.25, and 2.5 mg/kg) and one dose of curcumin, 
from Curcuma longa (80 mg/kg), and combined three doses of PFOS with 80 mg/kg dose of 
curcumin by gavage for 30 d at 48 h intervals. Here, we investigated the DNA damage via 
single-cell gel electrophoresis/comet assay and micronucleus test in rat peripheral blood in vivo. 
It is found that all doses ofPFOS increased micronucleus frequency (p < 0.05) and strongly 
induced DNA damage in peripheral blood in two different parameters; the damaged cell percent 
and genetically damage index, and curcumin prevented the formation of DNA damage induced 
by PFOS. Results showed that curcumin inhibited DNA damage including GDI at certain levels 
at statistical manner, 30.07%, 54.41%, and 36.99% for 0.6 mg/kg, 1.25 mg/kg, and 2.5 mg/kg. 
PMID: 25950456 [PubMed- in process] 
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Abstract 

BACKGROUND: 

Implant design may affect risk of fracture, especially in the proximal femur, which has been 
shown to have the highest risk of implant-related fracture (IRF). Blade plate (BPL) and screw
side plate (SSP) implants are used to stabilize proximal femoral osteotomies (PFOs ). Our goal 
was to compare BPL and SSP constructs with regard to the rate, location, and timing of IRF in 
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children undergoing PFOs. 

METHODS: 

We retrospectively reviewed clinical and radiographic records from 1 pediatric orthopaedic 
practice from 1995 through 2010. We identified 734 children 18 years or younger who 
underwent PFO with a BPL ( 480 patients) or an SSP (254 patients). Manufacture and style of 
implants were consistent throughout this period. There were no significant differences between 
the 2 groups in terms of mean age, sex, race, or diagnosis. The 2 groups were compared with 
respect to the rate, location, and timing of IRF. The t, Z, x, and Fisher exact tests were used to 
analyze the data (statistical significance, P<0.05 for all analyses). 

RESULTS: 

The IRF rates were 2.9% and 1.6% in the BPL and SSP groups, respectively (P=0.27). The 
overall rate of IRF in all patients was 2.5%. Fractures distal to the implant occurred in 7 of 14 
patients in the BPL group and 3 of 4 patients in the SSP group. There was no significant 
difference between the 2 groups in location of fracture with respect to the implant (P=O. 78). The 
mean times to fracture were 3.8±2.9 and 2.4±2.3 years (P=0.39) in the BPL and SSP groups, 
respectively. 

CONCLUSIONS: 

The risk of IRF in children after PFO is substantial. Despite differences in design, there was no 
significant difference between BPL and SSP implants with respect to IRF risk. 

LEVEL OF EVIDENCE: 

Level III. 
PMID: 25887817 [PubMed- in process] 

315Appl Toxicol. 2016 Jan;36(1):68-75. doi: 10.1002/jat.3145. Epub 2015 Apr 15. 
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Abstract 

In this study, we evaluated the efficacy of a novel minipig strain, the Micromini pig (MMPig), 
as an animal model for studying the pharmacokinetics of a mixture of 10 perfluoroalkyl acids 
(PF AAs ). After a single oral dose was given, we found that the blood depuration of PF AAs 
(blood tl/2 ), which we calculated using first-order elimination curves, ranged from 1.6 to 86.6 
days. Among the five body compartments analyzed, the liver was the greatest site of 
accumulation of perfluorooctanesulfonate and longer chain perfluorinated carboxylates such as 
perfluorodecanoic acid, perfluoroundecanoic acid and perfluorododecanoic acid. We observed 
an increasing accumulation trend of perfluorinated carboxylates in the organs associated with 
the fluorinated carbon chain length. The perfluorononanoic acid burden was the highest among 
the treated compounds 21 days after a single exposure, as 29% of the given perfluorononanoic 
acid dose was accumulated in the tissues. The persistence of PF AAs in edible pig tissues even 
after 21 days post-exposure raises concerns about the safety of swine products. This was the 
first study to use MMPigs to elucidate the pharmacokinetics of a group of environmental 
pollutants. We found that MMPigs could be excellent experimental animals for toxicological 
studies due to their easy handling, cost efficacy for target compounds and ease of waste 
treatment. Copyright© 2015 John Wiley & Sons, Ltd. 

Copyright© 2015 John Wiley & Sons, Ltd. 
PMID: 25877231 [PubMed- in process] 

3futegr Environ Assess Manag. 2016 Jan;12(1):6-20. doi: 10.1002/ieam.1642. Epub 2015 Jun 16. 

ED _000954(915)_Processed_PSTs-2_DD _00004 790-00049 



EPA-HQ-2016-005679 06/14/2017 

Author information: 
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Abstract 

This review examines the usefulness of the metrics BMF (biomagnification factor) and TMF 
(trophic magnification factor), derived from field measurements of the levels of contaminants in 
naturally occurring biota, for characterizing the bioaccumulation potential ("B") of chemicals. 
Trophic magnification factor and BMF values greater than 1.0 are often considered to be the 
most conclusive indicators ofB status, and the TMF criterion has been referred to as the "gold 
standard" for B categorization. Although not wishing to dispute the theoretical primacy of field
derived BMFs and TMFs as B metrics, we make the case that, in practice, the study-to-study 
(and even within-study) variability of the results is so great that they are of very restricted 
usefulness for assessing B status, at least in the case of the per- and polyfluoroalkyl substances 
(PF ASs), on which we focus here. This conclusion is based on an analysis of the results of 24 
peer-reviewed studies reporting field-derived BMFs or TMFs for 14 PF ASs, for which BMF 
values often range over several orders of magnitude from <<1.0 to>> 1.0, sometimes even in 
the same study. For TMFs, the range is a factor of approximately 20 for the most intensely 
studied PFASs (perfluorooctanoic acid [PFOA] and perfluorooctanesulfonic acid [PFOS]). We 
analyze the possible causes for such variability: To some extent it results from the differing 
ways in which the metrics are expressed, but most of the scatter is likely attributable to such 
factors as nonachievement of the tacitly assumed steady-state conditions, uncertainties in the 
feeding ecology, the impact of metabolism of precursor compounds, and so forth. As more 
tmstworthy alternatives to field-derived BMFs and TMFs, we suggest the implementation of 
dietary BMF studies performed under strictly controlled conditions on aquatic, terrestrial, and 
avian species, as well as the consideration of measured elimination half-lives, which have been 
demonstrated to be directly related to BMF values. Integr Environ Assess Manag 2016;12:6-20. 
© 2015 The Author. Integrated Environmental Assessment and Management published by 
Wiley Periodicals, Inc. on behalf of SETAC. 

© 2015 The Author. Integrated Environmental Assessment and Management Published by 
Wiley Periodicals, Inc. on behalf of SETAC. 
PMID: 25845916 [PubMed- in process] 
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3J7Immunotoxicol. 2016 Jan;13(1):38-45. doi: 10.3109/1547691X.2014.996682. Epub 2015 Jan 
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Author information: 
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Abstract 

T-cell-dependent antibody responses (TDAR) are suppressed in female C57BL/6N mice 
exposed to ?.3.75 mg/kg ofperfluorooctanoic acid (PFOA) for 15 days. To determine if 
suppression of humoral immunity by PFOA is peroxisome proliferator activated receptor alpha 
(PPARa )-dependent and if suppression is associated with specific targeting ofT- orB-cells, 
three separate experiments were conducted: (1) female PPARa constitutive knockout (PPARa 
KO; B6.129S4-Ppar(tm1Gonz)N12) and wild-type controls (WT; C57BL/6-Tac) exposed to 0, 
7.5, or 30 mg PFOA/kg for 15 days were immunized on Day 11 with aT-cell-dependent antigen 
and sera then collected for measures of antigen-specific IgM titers (TDAR) 5 days later; (2) 
female C57BL/6N WT mice exposed to 0, 0.94, 1.88, 3.75, or 7.5 mg PFOA/kg for 15 days 
were immunized with aT-cell-independent antigen on Day 11 and sera were then collected for 
analyses of antigen-specific IgM titers (TIAR) 7 days later; and (3) splenic lymphocyte 
phenotypes were assessed in unimmunized female C57BL/6N WT mice exposed to 0, 3.75, or 
7.5 mg PFOA/kg for 10 days to investigate effects of PFOA in the absence of specific 
immunization. Separate groups of mice were immunized with aT-cell-dependent antigen after 
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11 days of exposure and splenic lymphocyte sub-populations were assessed after 13 or 15 days 
of exposure to assess numbers of stimulated cells. The results indicated that exposure to 2:1.88 
mg PFOA/kg suppressed the TIAR; exposure to 30 mg PFOA/kg suppressed the TDAR in both 
PP ARa KO and WT mice. The percentage of splenic B-cells was unchanged. Results obtained 
in the PP ARa KO mice indicated that PPARa suppression of TDAR was independent of 
PP ARa involvement. Suppression of the TIAR and the TDAR with minimal lymphocyte sub
population effects suggested that effects on humoral immunity are likely mediated by disruption 
of B-cell/plasma cell function. 
PMID: 25594567 [PubMed- in process] 

3Arch Toxicol. 2016 Jan;90(1):217-27. doi: 10.1007/s00204-014-1391-7. Epub 2014 Nov 5. 
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Abstract 

Perfluoroalkyl acids (PF AAs) are highly persistent and bioaccumulative, resulting in their broad 
distribution in humans and the environment. The liver is an important target for PF AAs, but the 
mechanisms behind PF AAs interaction with hepatocyte proteins remain poorly understood. We 
characterized the binding ofPFAAs to human liver fatty acid-binding protein (hL-FABP) and 
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identified critical structural features in their interaction. The binding interaction of PF AAs with 
hL-F ABP was determined by fluorescence displacement and isothermal titration calorimetry 
(ITC) assay. Molecular simulation was conducted to define interactions at the binding sites. ITC 
measurement revealed that PFOA/PFNA displayed a moderate affinity for hL-F ABP at a 1:1 
molar ratio, a weak binding affinity for PFHxS and no binding for PFHxA. Moreover, the 
interaction was mainly mediated by electrostatic attraction and hydrogen bonding. Substitution 
of Asn Ill with Asp caused loss of binding affinity to PF AA, indicating its crucial role for the 
initial PF AA binding to the outer binding site. Substitution of Argl22 with Gly caused only one 
molecule ofPFAA to bind to hL-FABP. Molecular simulation showed that substitution of 
Argl22 increased the volume of the outer binding pocket, making it impossible to form 
intensive hydrophobic stacking and hydrogen bonds with PFOA, and highlighting its crucial 
role in the binding process. The binding affinity of PF AAs increased significantly with their 
carbon number. Argl22 and Asnlll played a pivotal role in these interactions. Our findings 
may help understand the distribution pattern, bioaccumulation, elimination, and toxicity of 
PFAAs in humans. 
PMID: 25370009 [PubMed- in process] 
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To: 
Cc: 
From: 
Sent: 
Subject: 

EPA-HQ-2016-005679 06/14/2017 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Keteles, Kristen[Keteles.Kristen@epa.gov] 
Benson, Bob 
Tue 1/19/2016 7:45:36 PM 
PFOS Health Advisory 

When do you expect to have final HAs for PFOS and PFOA? 

Deliberative Process I Ex. 5 
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To: 
Cc: 
From: 

Bain, Zeno[Bain.Zeno@epa.gov]; Donohue, Joyce(Donohue.Joyce@epa.gov] 
Simic, Melissa[Simic.Melissa@epa.gov]; Parris, Brenda[Parris.Brenda@epa.gov] 
Russell, Meredith 

Sent: Tue 1/19/2016 6:15:54 PM 
Subject: Fw: CMS New Assignment- NY Dept. of Health- PFOA- AX-16-000-3344 Due 1/28 

FYI. .. 

Just received this and will wait for direction from management on the response but just thought you 
should be aware if you were not already. 

Meredith 

From: Flaharty, Stephanie 
Sent: Tuesday, January 19,2016 10:34:09 AM 
To: Christ, Lisa; Huff, Lisa; Russell, Meredith 
Cc: Burneson, Eric; Oshida, Phil; Greene, Ashley; Wadlington, Christina 
Subject: FW: CMS New Assignment- NY Dept. of Health- PFOA- AX-16-000-3344 Due 1/28 

Hello, 

Attached is correspondence from the NY State Dept. of Health regarding PFOA. A direct reply (branch 
chief or DD level) is due by January 28, 2016. 

Thanks, 
Steph 

-----Original Message-----
From: cmsadmin@epa.gov [mailto:cmsadmin@epa.gov] 
Sent: Tuesday, January 19,2016 10:14 AM 
To: Mason, Paula <Mason.Paula@epa.gov>; Flaharty, Stephanie <Fiaharty.Stephanie@epa.gov>; 
Greene, Ashley <Greene.Ashley@epa.gov> 
Subject: CMS New Assignment- Diane Jones-Coleman- AX-16-000-3344 

Control AX-16-000-3344 has been assigned to your office on 1/19/16 10:14 AM by Diane Jones
Coleman. Please go to the CMS webpage to view the details of the control. 

Summary Information -
Control Number: AX-16-000-3344 
Control Subject: DRF - Daily Reading File - Presence of perfluorooctanoic acid in drinking water and 
groundwater in Hoosick Falls 
From: Sherwin, Dawn; Zucker, Howard; Seggos, Basil 

Note: This Email was automatically generated. Please do not attempt to respond to it. You can access 
this control at https://cms.epa.gov/cms. Questions or comments concerning CMS should be directed to 
CMS Support at 202-564-4985 or CMS lnformation@epa.gov. 
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Thu Jan 14 15:43:02 EST 2016 
Yuhas.Darlene@epamail.epa.gov 

EPA-HQ-2016-005679 06/14/2017 

FW: Letter from Acting Commissioner Basil Seggos Re: Hoosick Falls 
To: CMS. OEX@epamail.epa.gov; Gaines. Cynthia@epamail.epa.gov 

From: Sherwin, Dawn (DEC) [mailto:dawn.sherwin@dec.ny.gov] 
Sent: Thursday, January 14, 2016 3:37PM 
To: Mccarthy, Gina <McCarthy.Gina@epa.gov> 
Cc: Seggos, B B (DEC) <b.seggos@dec.ny.gov>; Enck, Judith <Enck.Judith@epa.gov>; Zucker, Howard (HEALTH) 
<howard.zucker@health.ny.gov> 
Subject: Letter from Acting Commissioner Basil Seggos Re: Hoosick Falls 

Please see the attached letter from Acting Commissioner Basil Seggos. 

Thank you, 

Dawn Sherwin 

Executive Assistant to the Commissioner 

of Environmental Conservation 

625 Broadway, Albany, NY 12233 
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rtmentof 
nmental 

Conservation 

The Honorable Gina McCarthy 
Administrator 
USEPA Headquarters 
William Jefferson Clinton Building 
1200 Pennsylvania Avenue, N. W. 
Mail Code: 1101A 
Washington, DC 20460 

Dear Administrator McCarthy: 

Department 
of Health 

January 14, 2016 

We write to you to request that EPA take vigorous action to address the presence of 
perfluorooctanoic acid (PFOA) in drinking water and groundwater. Respectfully, we 
ask that EPA: 

• lower its provisional health advisory of 400 parts per trillion (ppt) for PFOA 
drinking water to take into account the most current scientific evidence; 

• act expeditiously to adopt a protective maximum contaminant level for PFOA; 
• expeditiously list PFOA as a hazardous substance under the Comprehensive 

Environmental Response, Compensation and Liability Act (CERCLA) to 
facilitate the cleanup of contaminated groundwater and other media; and 

• review the remaining uses of PFOA under the Toxic Substances Control Act 
and curtail it whenever less toxic alternatives are available. 

The New York State Department of Health has been working with the Village of 
Hoosick Falls and the Town of Hoosick for more than a year to address PFOA 
contamination of drinking water. PFOA in the Village of Hoosick Falls public water 
supply exceeds the provisional EPA health advisory of 400 ppt. Private wells in the 
Town of Hoosick have also shown signs of contamination, but at lower levels than in 
the municipal supply. The Department of Health, the Village, and Saint-Gobain 
Performance Plastics have collaborated to evaluate treatment options for the Village 
water supply, implement a bottled water program, and design and order a temporary 
treatment system to be installed in the coming weeks on the Village water supply. This 
temporary treatment system will remain in place until a planned permanent treatment 
system is operational later this year. 

We write to you because this is not just a local issue. The presence of PFOA in 
drinking water is an emerging nation-wide issue. 

ED_ 000954(915 )_Processed_PSTs-2_00 _ 00004903-00002 



EPA-HQ-2016-005679 06/14/2017 

rtmentof 
nmental 

Conservation 

Department 
of Health 

As reported in the New York Times Magazine on January 10, 2016, several studies 
have asserted that the presence of PFOA in drinking water and groundwater may be 
more pervasive than originally thought and may subject people across the country to 
PFOA exposure since EPA first began working on this issue in 2001. 

It is imperative that the federal government step forward and use the authority it 
already holds under federal law to comprehensively address this national issue. The 
State of New York stands ready to assist EPA in any way we can in this important 
effort to protect public health and the environment from PFOA. 

""""Vl'fl"-~~ 
Dr. Howard Zucker 
Commissioner 
DOH 

Sincerely, 

Basil Seggos 
Acting Commissioner 
DEC 
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To: 
From: 
Sent: 
Subject: 

1. 

5. 

7. 

EPA-HQ-2016-005679 06/14/2017 

Donohue, Joyce[Donohue.Joyce@epa.gov] 
Plagakis, Sofia 
Tue 1/19/2016 6:10:35 PM 
RE: Request for a different chemical 
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From: Donohue, Joyce 
Sent: Tuesday, January 19, 2016 12:25 PM 
To: Plagakis, Sofia <Piagakis.Sofia@epa.gov> 
Subject: Request for a different chemical 

Nonresponsive and Deliberative I Ex. 5 

From: Plagakis, Sofia 
Sent: Tuesday, January 19, 2016 11 :28 AM 
To: Donohue, Joyce 
Cc: hqchemlibraries 
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Subject: Jan 1-15, 2016 search, perfluorooctanoate OR "perfluorooctanoic acid" OR- PubMed 

Hi Joyce, 

Please find the search results for Jan 1-15, 2016. Your search brought up 38 items. 

Let me know if you need any full-text articles. 

Thank you, 

Sofia 

From: Sent by NCBI ~=~=~~~=:..::.~~~'-"-• 
Sent: Tuesday, January 19,201611:25 AM 
To: Plagakis, Sofia 
Subject: perfluorooctanoate OR "perfluorooctanoic acid" OR - PubMed 

This message contains search results from the National Center for Biotechnology Information 
,~==:CJ at the U.S. National Library of Medicine Do not reply directly to this message 
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Sent on: Tue Jan 19 11:23:57 2016 

Search: perfluorooctanoate OR "perfluorooctanoic acid" OR "perfluoroctanoic acid" OR pfoa 
OR "perfluorinated chemicals" OR "perfluorinated compounds" OR "perfluorinated homologue 
groups" OR "perfluorinated contaminants" OR "perfluorinated surfactants" OR perfluoroalkyl 
acids OR "perfluorinated alkylated substances" OR "perfluoroalkylated substances" OR pfba OR 
"perfluorobutanoic acid" OR perfluorochemicals OR "telomer alcohol" OR "telomer alcohols" 
OR "fluorotelomer alcohols" OR "polyfluoroalkyl compounds" OR "perfluorooctane sulfonate" 
OR pfos OR "perfluorooctanesulfonic acid" OR "perfluorooctane sulfonic acid" OR 
"perfluorooctane sulphonate" OR perfluorooctane sulfonate OR "perfluorooctanyl sulfonate" OR 
"Heptadecafluorooctane-1-sulphonic" OR "Heptadecafluoro-1-octanesulfonic acid" OR 
perfluorononanoate OR pfhxa OR "perfluorohexanoic acid" OR "fluorinated surfactants" Filters: 
From 2016/01/01 to 2016/01/15, English 

PubMed Results 

Items 1 - 38 of 38 

lSemin Cell Dev Biol. 2016 Jan 15. pii: S1084-9521(16)30003-9. doi: 
10.1016/j.semcdb.2016.01.003. [Epub ahead of print] 

Author information: 

• 
1The Mary M. Wohlford Laboratory for Male Contraceptive Research, Center for Biomedical 

Research, Population Council, 1230 York Ave, New York, New York 10065, United States. 

• 
2School of Biological Sciences, University of Hong Kong, Hong Kong, China. 

• 
3Department of Biology, Hong Kong Baptist University, Hong Kong, China. 

• 
4The Mary M. Wohlford Laboratory for Male Contraceptive Research, Center for Biomedical 

Research, Population Council, 1230 York Ave, New York, New York 10065, United States. 
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Abstract 

Sertoli cells isolated from rodents or humans and cultured in vitro are known to establish a 
functional tight junction (TJ)-permeability barrier that mimics the blood-testis barrier (BTB) in 
vivo. This model has been widely used by investigators to study the biology of the TJ and the 
BTB. Studies have shown that environmental toxicants (e.g., perfluorooctanesulfonate (PFOS), 
bisphenol A (BPA) and cadmium) that exert their disruptive effects to induce Sertoli cell injury 
using this in vitro model are reproducible in studies in vivo. Thus, this in vitro system provides a 
convenient approach to probe the molecular mechanism(s) underlying toxicant-induced testis 
injury but also to provide new insights in understanding spermatogenesis, such as the biology of 
cell adhesion, spermatid transport, and others. Herein, we provide a brief and critical review 
based on studies using this in vitro model of Sertoli cell cultures using primary cells isolated 
from rodent testes versus humans to monitor environmental toxicant-mediated Sertoli cell 
injury, and this information is relevant to the molecular mechanisms that regulate 
spermatogenesis. In short, recent findings have shown that environmental toxicants exert their 
effects on Sertoli cells to induce testis injury through their action on Sertoli cell actin- and/or 
microtubule-based cytoskeleton. These effects are mediated via their disruptive effects on actin
and/or microtubule-binding proteins. Sertoli cells also utilize differential spatiotemporal 
expression of these actin binding proteins to confer plasticity to the BTB to regulate germ cell 
transport across the BTB. 

Copyright© 2016. Published by Elsevier Ltd. 
PMID: 26779951 [PubMed- as supplied by publisher] 

21. Hazard Mater. 2016 Jan 2;307:55-63. doi: 10.1016/j.jhazmat.2015.12.059. [Epub ahead of 
print] 

Author information: 
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• 
1State Key Lab of Urban and Regional Ecology, Research Center for Eco-Environmental 

Sciences, Chinese Academy of Sciences, Beijing 100085, China. 

• 
2State Key Lab of Urban and Regional Ecology, Research Center for Eco-Environmental 

Sciences, Chinese Academy of Sciences, Beijing 100085, China. Electronic address: 

• 
3State Key Lab of Urban and Regional Ecology, Research Center for Eco-Environmental 

Sciences, Chinese Academy of Sciences, Beijing 100085, China; University of Chinese 
Academy of Sciences, Beijing 100049, China. 

• 
4State Key Lab of Urban and Regional Ecology, Research Center for Eco-Environmental 

Sciences, Chinese Academy of Sciences, Beijing 100085, China; College of Biological Sciences 
and Technology, Beijing Forestry University, Beijing 100083, China. 

• 
5Department of Veterinary Biomedical Sciences and Toxicology Centre, University of 

Saskatchewan, Saskatoon, Saskatchewan, Canada. 

Abstract 

Perfluoroalkyl acids (PF AAs) have been widely used in surfactant applications, especially as 
processing acids for fluoropolymer production. This study provides an analysis of sources of 
certain PF AAs emitted from the intensive fluoropolymer facilities in the Xiaoqing River Basin 
of China. Concentrations ofperfluorooctanoic acid (PFOA) as great as 0.97mg/L in surface 
water and 10.5Jlg/g dry weight in surface sediment have been detected near the effluent of one 
facility (F 1) that produces polytetrafluoroethylene (PTFE) and other fluoropolymers with 
massive capacity. With the great emission of PF A As to water in natural conditions, the log Koc 
values decreased for short-chain PFCAs. Mass loads ofPFAAs indicated that emissions of 
PF AAs from other facilities or sources were much less than those from F 1, which emitted 
174kg/d ofPFAAs including 159kg/d ofPFOA to the rivers. Even though production and 
emissions ofPFOA have been strictly controlled in other countries since 2006, production of 
PFOA as well as several other fluoropolymers that use PFOA as processing aids has been 
increasing at F 1 in recent years. We recommended that production shift should be taken into 
consideration in PFOA elimination actions. 

Copyright© 2015 Elsevier B.V. All rights reserved. 
PMID: 26775106 [PubMed- as supplied by publisher] 

3foxicol Appl Pharmacal. 2016 Jan 6. pii: S0041-008X(16)30001-l. doi: 
10.1016/j.taap.2016.01.001. [Epub ahead of print] 
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Author information: 

• 
1Institute for Global Food Security, School of Biological Sciences, Queen's University 

Belfast, Northern Ireland, United Kingdom. 

• 
2Norwegian University of Life Sciences, Oslo, Norway. 

• 
3Institute for Global Food Security, School of Biological Sciences, Queen's University 

Belfast, Northern Ireland, United Kingdom. Electronic address: =====~~~===· 

Abstract 

Persistent organic pollutants (POPs) are toxic substances, highly resistant to environmental 
degradation, which can bio-accumulate and have long-range atmospheric transport potential. 
Most studies focus on single compound effects, however as humans are exposed to several POPs 
simultaneously, investigating exposure effects of real life POP mixtures on human health is 
necessary. A defined mixture of POPs was used, where the compound concentration reflected its 
contribution to the levels seen in Scandinavian human serum (total mix). Several sub mixtures 
representing different classes of POP were also constructed. The perfluorinated (PFC) mixture 
contained six perfluorinated compounds, brominated (Br) mixture contained seven brominated 
compounds, chlorinated (Cl) mixture contained polychlorinated biphenyls and also p,p'
dichlorodiphenyldichloroethylene, hexachlorobenzene, three chlordanes, three 
hexachlorocyclohexanes and dieldrin. Human hepatocarcinoma (HepG2) cells were used for 2h 
and 48h exposures to the seven mixtures and analysis on a Cellinsight™ NXT High Content 
Screening platform. Multiple cytotoxic endpoints were investigated: cell number, nuclear 
intensity and area, mitochondrial mass and membrane potential (MMP) and reactive oxygen 
species (ROS). Both the Br and Cl mixtures induced ROS production but did not lead to 
apoptosis. The PFC mixture induced the ROS production and likely induced cell apoptosis 
accompanied by the dissipation ofMMP. Synergistic effects were evident for ROS induction 
when cells were exposed to the PFC+Br mixture. No significant effects were detected in the 
Br+Cl, PFC+Cl or total mixtures, which contain the same concentrations of chlorinated 
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compounds as the Cl mixture plus additional compounds; highlighting the need for further 
exploration of POP mixtures in risk assessment. 

Copyright© 2015. Published by Elsevier Inc. 
PMID: 26772051 [PubMed- as supplied by publisher] 

LCrit Rev Toxicol. 2016 Jan 13:1-53. [Epub ahead of print] 

Author information: 

• 
1a Health Sciences Practice, Exponent, Inc, Menlo Park, CA, USA; 

• 
2b Division of Epidemiology, Department of Health Research and Policy, Stanford 

University School of Medicine , Stanford , CA , USA ; 

• 
3c Department of Epidemiology, Harvard T. H. Chan School of Public Health, Boston, MA, 

USA; 

• 
4d Icahn School of Medicine at Mount Sinai, Tisch Cancer Institute, New York, NY, USA; 

• 
5e Division of Allergy and Immunology , Washington University School of Medicine , St. 

Louis , MO , USA. 

Abstract 

Whether perfluorooctanoate (PFOA) and perfluorooctanesulfonate (PFOS), two widely used 
and biopersistent synthetic chemicals, are immunotoxic in humans is unclear. Accordingly, this 
article systematically and critically reviews the epidemiologic evidence on the association 
between exposure to PFOA and PFOS and various immune-related health conditions in humans. 
Twenty-four epidemiologic studies have reported associations ofPFOA and/or PFOS with 
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immune-related health conditions, including ten studies of immune biomarker levels or gene 
expression patterns, ten studies of atopic or allergic disorders, five studies of infectious diseases, 
four studies of vaccine responses, and five studies of chronic inflammatory or autoimmune 
conditions (with several studies evaluating multiple endpoints). Asthma, the most commonly 
studied condition, was evaluated in seven studies. With few, often methodologically limited 
studies of any particular health condition, generally inconsistent results, and an inability to 
exclude confounding, bias, or chance as an explanation for observed associations, the available 
epidemiologic evidence is insufficient to reach a conclusion about a causal relationship between 
exposure to PFOA and PFOS and any immune-related health condition in humans. When 
interpreting such studies, an immunodeficiency should not be presumed to exist when there is 
no evidence of a clinical abnormality. Large, prospective studies with repeated exposure 
assessment in independent populations are needed to confirm some suggestive associations with 
certain endpoints. 
PMID: 26761418 [PubMed- as supplied by publisher] 

5\CS Nano. 2016 Jan 8. [Epub ahead of print] 

Author information: 

• 
1Future Industries Institute, University of South Australia, Mawson Lakes, South Australia 

5095, Australia. 

• 
2Laser Physics and Photonic Devices Laboratories, University of South Australia , Mawson 

Lakes, South Australia 5095, Australia. 

Abstract 

Herein we report a simple and substrate-independent approach to fabricate transparent oil
repellent coatings, which involves alternate deposition of poly( diallyldimethylammonium) 
(PDDA) and poly( styrenesulfonate) (PSS) onto substrates, followed by incubation of the coated 
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objects into perfluorooctanoate (PFO) aqueous solutions for 2 min. Various low-surface-tension 
liquids can easily slide down the coating surfaces on flat substrates at a sliding angle lower than 
12° for 10 J.!L droplets. The coatings are applicable to different substrates including Si, glass, 
plastic, steel, and wood, and those with complex shapes and large surface areas. They are also 
applicable to rough substrates with roughness at both micro/nanoscale and macroscopic scales to 
realize the easy-sliding oil repellency. Incubation of the PDDA/PSS polyelectrolyte multilayers 
(PEMs) into PFO solutions induces an effective but nondestructive substitution of PFO anions 
for PSS in the PEMs, which results in a composite coating with PFO anions homogeneously 
interspersed in both the coating surface and the bulk. Thanks to the as-described "repeating
layer" composition/structure of the coatings, their easy-sliding oil repellency can be self-healed 
after surface decomposition or well maintained after physical damages, due to the replenishing 
surface. Therefore, the advantageous characteristics of the as-developed oil-repellent coatings 
and the simplicity of the preparation protocol make the coatings highly practical for real-world 
applications. It is believed that the coatings can perform as antismudge coatings that shield 
against oil-borne contaminants, chemical-shield coatings that protect coated plastics from 
dissolution by organic solvents, and nonstick coatings (of oil tankers or pipelines) that enable 
loss-free oil transportation. 
PMID: 26728655 [PubMed- as supplied by publisher] 
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Abstract 

Modified epigenetic programming early in life is proposed to underlie the development of an 
adverse adult phenotype, known as the Developmental Origins of Health and Disease (DOHaD) 
concept. Several environmental contaminants have been implicated as modifying factors of the 
developing epigenome. This underlines the need to investigate this newly recognized 
toxicological risk and systematically screen for the epigenome modifying potential of 
compounds. In this study, we examined the applicability of the zebrafish embryo as a screening 
model for DNA methylation modifications. Embryos were exposed from 0 to 72h post 
fertilization (hpf) to bisphenol-A (BPA), diethylstilbestrol, 17a-ethynylestradiol, nickel, 
cadmium, tributyltin, arsenite, perfluoroctanoic acid, valproic acid, flusilazole, S-azacytidine 
(SAC) in subtoxic concentrations. Both global and site-specific methylation was examined. 
Global methylation was only affected by SAC. Genome wide locus-specific analysis was 
performed for BPA exposed embryos using Digital Restriction Enzyme Analysis of Methylation 
(DREAM), which showed minimal wide scale effects on the genome, whereas potential 
informative markers were not confirmed by pyrosequencing. Site-specific methylation was 
examined in the promoter regions of three selected genes vasa, vtg 1 and cyp 19a2, of which vasa 
(ddx4) was the most responsive. This analysis distinguished estrogenic compounds from metals 
by direction and sensitivity of the effect compared to embryotoxicity. In conclusion, the 
zebrafish embryo is a potential screening tool to examine DNA methylation modifications after 
xenobiotic exposure. The next step is to examine the adult phenotype of exposed embryos and to 
analyze molecular mechanisms that potentially link epigenetic effects and altered phenotypes, to 
support the DOHaD hypothesis. 

Copyright© 201S Elsevier Inc. All rights reserved. 
PMID: 26712470 [PubMed- in process] 
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Abstract 

Humans are exposed to a huge amount of environmental pollutants called endocrine disrupting 
chemicals (EDCs ). These molecules interfere with the homeostasis of the body, usually through 
mimicking natural hormones leading to activation or blocking of their receptors. Many of these 
compounds have been associated with a broad range of diseases including the development or 
increased susceptibility to breast cancer, the most prevalent cancer in women worldwide, 
according to the World Health Organization. Thus, this article presents a virtual high-throughput 
screening (vHTS) to evaluate the affinity of proteins related to breast cancer, such as ESRI, 
ERBB2, PGR, BCRAI, and SHBG, among others, with EDCs from urban sources. A blind 
docking strategy was employed to screen each protein-ligand pair in triplicate in AutoDock 
Vina 2.0, using the computed binding affinities as ranking criteria. The three-dimensional 
structures were previously obtained from EDCs DataBank and Protein Data Bank, prepared and 
optimized by SYBYL X-2.0. Some of the chemicals that exhibited the best affinity scores for 
breast cancer proteins in each category were 1,3,7,8-tetrachlorodibenzo-p-dioxin, bisphenol A 
derivatives, perfluorooctanesulfonic acid, and benzo(a)pyrene, for catalase, several proteins, sex 
hormone-binding globulin, and cytochrome P450 1A2, respectively. An experimental validation 
of this approach was performed with a complex that gave a moderate binding affinity in silico, 
the sex hormone binding globulin (SHBG), and bisphenol A (BPA) complex. The protein was 
obtained using DNA recombinant technology and the physical interaction with BP A assessed 
through spectroscopic techniques. BPA binds on the recombinant SHBG, and this results in an 
increase of its a helix content. In short, this work shows the potential of several EDCs to bind 
breast cancer associated proteins as a tool to prioritize compounds to perform in vitro analysis to 
benefit the regulation or exposure prevention by the general population. 
PMID: 26700111 [PubMed- as supplied by publisher] 
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Abstract 

Most children are exposed to perfluoroalkyl substances (PF ASs) through placental transfer, 
breastfeeding, and other environmental sources. To date, there are no validated tools to estimate 
exposure and body burden during infancy and childhood. In this study, we aimed to (i) develop 
a two-generation pharmacokinetic model of prenatal and postnatal exposure to 
perfluorooctanoic acid (PFOA), perfluorooctanesulfonate (PFOS), and 
perfluorohexanesulfonate (PFHxS); and to (ii) evaluate it against measured children's levels in 
two studies. We developed a pharmacokinetic model consisting of a maternal and a child 
compartment to simulate lifetime exposure in women and transfer to the child across the 
placenta and through breastfeeding. To evaluate the model, we performed simulations for each 
mother-child dyad from two studies in which maternal PF AS levels at delivery and children's 
PF AS levels were available. Model predictions based on maternal PF AS levels, sex of child, 
body weight, and duration ofbreastfeeding explained between 52% and 60% of the variability 
in measured children's levels at 6 months of age and between 52% and 62% at 36 months. 
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Monte Carlo simulations showed that the daily intake through breastfeeding and resulting 
internal PF AS levels can be much higher in nursing infants than in mothers. This 
pharmacokinetic model shows potential for postnatal exposure assessment in the context of 
epidemiological studies and risk assessment. 
PMID: 26691063 [PubMed- as supplied by publisher] 
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Abstract 

To address the need for the forensic analysis of high explosives, a novel capillary 
electrophoresis mass spectrometry (CE-MS) technique has been developed for high resolution, 
sensitivity, and mass accuracy detection of these compounds. The technique uses 
perfluorooctanoic acid (PFOA) as both a micellar electrokinetic chromatography (MEKC) 
reagent for separation of neutral explosives and as the complexation reagent for mass 
spectrometric detection ofPFOA-explosive complexes in the negative ion mode. High 
explosives that formed complexes with PFOA included RDX, HMX, tetryl, and PETN. Some 
nitroaromatics were detected as molecular ions. Detection limits in the high parts per billion 
range and linear calibration responses over two orders of magnitude were obtained. For proof of 
concept, the technique was applied to the quantitative analysis of high explosives in sand 
samples. 

Copyright © 2015 Elsevier Ireland Ltd. All rights reserved. 
PMID: 26666592 [PubMed- in process] 
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Abstract 

Dehydroepiandrosterone sulfate (DHEAS) and estrone sulfate (E1S) are two of the most 
abundant steroids in the human circulation. The enzyme steroid sulfatase (STS) cleaves the 
sulfate group ofDHEAS and E1S leading to biosynthesis of endogenous hormones such as 
testosterone and estrone. In the current study we aimed at determining the effect ofE1S and 
DHEAS on estrogen receptor (ER) and androgen receptor (AR) transactivation. Using 
luciferase reporter gene assays, the ER and AR transactivities ofE1S and DHEAS were 
determined by direct cell exposure; as well as upon extraction from human serum using a 
method to extract perfluorinated alkyl acids (PFAAs). By direct cell exposure, both E1S and 
DHEAS transactivated the ER and the AR in dose-dependent manners. The DHEAS-induced 
AR transactivity could be abolished by the STS inhibitor STX64. Immunoassay analysis 
confirmed the presence ofE1S and DHEAS in the serum PFAA extracts with mean recoveries 
below 2.5%. For the PFAA extracts ofhuman male and female serum, only the AR was 
significantly transactivated. The AR transactivity of the sulfated steroids in the extracts was 
abolished by STX64 to obtain the net PFAA induced xenohormone transactivity, but further 
cleanup might be needed at high concentrations ofE1S. 

Copyright© 2015 Elsevier Inc. All rights reserved. 
PMID: 26666359 [PubMed- in process] 
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The occurrence of fluorotelomer alcohols (FTOHs) was investigated in 94 food-contact 
materials (FCMs). We detected 6:2 FTOH (<0.60-1110 ng/g), 8:2 FTOH (<0.40-8490 ng/g), 
and 10:2 FTOH (<0.02-9350 ng/g) in most FCM samples, and four longer-chain CJ4-2o FTOHs 
were, for the first time, identified in FCMs with relatively high concentrations (<0.02-8450 ng/g 
for 12:2 FTOH, <0.02-1640 ng/g for 14:2 FTOH, <0.02-372 ng/g for 16:2 FTOH, and <0.02-
130 ng/g for 18:2 FTOH). There were three typical profiles ofFTOHs that were dominated by 
6:2 FTOH (95.6 ± 8.1% in 9 FCMs), 8:2 FTOH (50.9 ± 20.8% in 22 FCMs), and 10:2 FTOH 
(44.5 ± 20.9% in 30 FCMs), indicating the congener-specific usage ofFTOHs for different 
commercial purposes. All nine detectable FCMs produced in the United States were dominated 
by 6:2 FTOH, which was significantly different from those produced in China. The median 
concentration of total FTOHs in eco-friendly paper tableware was 2990 ng/g, which was lower 
than in popcorn bags (18 200 ng/g) but much higher than other FCMs (<0.55-38.7 ng/g). 
FTOHs could migrate from paper bowls, with migration efficiencies of 0.004-0.24% into water, 
0.004-0.24% into 10% ethanol, 0.009-2.79% into 30% ethanol, 0.06-13.0% into 50% ethanol 
(v/v) simulants, and 0.04-2.28% into oil. Migration efficiencies decreased with increasing 
carbon chain lengths of FTOHs. 
PMID: 26655429 [PubMed- as supplied by publisher] 
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Abstract 

The subsurface recalcitrance of perfluoroalkyl acids (PF AAs) derived from aqueous film-
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forming foams could have adverse impacts on the microbiological processes used for the 
bioremediation of co-mingled chlorinated solvents such as trichloroethene (TCE). Here, we 
show that reductive dechlorination by a methanogenic, mixed culture was significantly inhibited 
when exposed to concentrations representative of PF AA source zones (>66 mg/L total of 11 
PF AA analytes, 6 mg/L each). TCE dechlorination, cis-dichloroethene and vinyl chloride 
production and dechlorination, and ethene generation were all inhibited at these PF AA 
concentrations. Phylogenetic analysis revealed that the abundances of 65% of the operational 
taxonomic units (OTUs) changed significantly when grown in the presence ofPFAAs, although 
repression or enhancement resulting from PF AA exposure did not correlate with putative 
function or phylogeny. Notably, there was significant repression ofDehalococcoides (8-fold 
decrease in abundance) coupled with a corresponding enhancement of methane-generating 
Archaea (a 9-fold increase). Growth and dechlorination by axenic cultures ofDehalococcoides 
mccartyi strain 195 were similarly repressed under these conditions, confirming an inhibitory 
response of this pivotal genus to PF AA presence. These results suggest that chlorinated solvent 
bioattenuation rates could be impeded in subsurface environments near PF AA source zones. 
PMID: 26636352 [PubMed- in process] 
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Abstract 

The concentrations of seven perfluoroalkyl substances (PF ASs) were investigated in 36 
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European chub (Squalius cephalus) individuals from six localities in the Czech Republic. Chub 
muscle and liver tissue were analysed at all sampling sites. In addition, analyses of 16 target 
PF ASs were performed in Polar Organic Chemical Integrative Samplers (POCISs) deployed in 
the water at the same sampling sites. We evaluated the possibility of using passive samplers as a 
standardized method for monitoring PF AS contamination in aquatic environments and the 
mutual relationships between determined concentrations. Only perfluorooctane sulphonate was 
above the LOQ in fish muscle samples and 52% of the analysed fish individuals exceeded the 
Environmental Quality Standard for water biota. Fish muscle concentration is also particularly 
important for risk assessment of fish consumers. The comparison of fish tissue results with 
published data showed the similarity of the Czech results with those found in Germany and 
France. However, fish liver analysis and the passive sampling approach resulted in different fish 
exposure scenarios. The total concentration ofPFASs in fish liver tissue was strongly correlated 
with POCIS data, but pollutant patterns differed between these two matrices. The differences 
could be attributed to the metabolic activity of the living organism. In addition to providing a 
different view regarding the real PF AS cocktail to which the fish are exposed, POCISs fulfil the 
Three Rs strategy (replacement, reduction, and refinement) in animal testing. 

Copyright© 2015 Elsevier Inc. All rights reserved. 
PMID: 26599587 [PubMed- in process] 
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Abstract 

In textiles, like outdoor clothing, per- and polyfluoroalkyl substances (PF ASs) are often used 
for durable water repellency (DWR) of the final products. The analytical performance to 
determine the concentration of these chemicals available for exposure to humans and to the 
environment need to be established. Here a method for the extraction and analysis of one class 
of PF ASs, namely perfluoroalkyl acids (PF AAs ), in outdoor clothing was developed and 
validated. The PF AAs which were validated, included perfluoroalkyl carboxylic acids (PFCAs) 
(C4-Cl4), and perfluoroalkane sulfonic acids (PFSAs) (C4, C6, C7, C8). In addition, 
perfluorooctane sulfonamide (FOSA) was included in this study. The method was based on an 
organic solvent extraction and analysis by high-performance liquid chromatography-tandem 
mass spectrometry (LC-MS/MS). No further cleaning was needed. Two commonly used organic 
solvent compositions were evaluated for the optimal extraction, i.e. methanol and 
acetone/acetonitrile (80:20, v/v), and the number and duration of the sequential extractions were 
optimized. Results showed that two sequential extractions with 5mL methanol and an extraction 
time of 30min gave an optimal performance with an extraction efficiency of >90%. The 
influence of matrix on the quantification of PF AAs was studied. This indicated ion suppression 
due to different matrix effects or sorption behavior to specific textile samples. Validation of the 
entire method showed overall recoveries of>80% and relative standard deviations (RSDs) 
of<9% (n=3) for repeatability and <20% (n=3) for reproducibility. This is the first validation of 
an analytical method for the analysis of extractable PFCAs, PFSAs and FOSA associated to 
textiles, which is of high importance due to the regulation of PF AAs in textile. 

Copyright© 2015 Elsevier B.V. All rights reserved. 
PMID: 26592570 [PubMed- in process] 
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Abstract 

Many perfluoroalkyl substances (PF AS) are ubiquitous environmental contaminants. They have 
been widely used in production processes and daily-use products or may result from 
degradation of precursor compounds in products or the environment. India, with its developing 
industrialization and population moving from traditional to contemporary lifestyles, represents 
an interesting case study to investigate PF AS emission and exposure along steep environmental 
and socioeconomic gradients. This study assesses PF AS concentrations in river and 
groundwater (used in this region as drinking water) from several locations along the Ganges 
River and estimates direct emissions, specifically for PFOS and PFOA. 15 PFAS were 
frequently detected in the river with the highest concentrations observed for PFHxA (0.4-
4.7 ng L(-1)) and PFBS (<MQL- 10.2 ng L(-1)) among PFCAs and PFSAs, respectively. 
Prevalence of short-chain PF AS indicates that the effects of PFOA and PFOS substitution are 
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visible in environmental samples from India. The spatial pattern of C5-C7 PFCAs co-varied 
with that of PFOS suggesting similar emission drivers. PFDA and PFNA had much lower 
concentrations and covaried with PFOA especially in two hotspots downstream ofKanpur and 
Patna. PFOS and PFOA emissions to the river varied dramatically along the transect (0.20-190 
and 0.03-150 g d(-1), respectively). PFOS emission pattern could be explained by the number of 
urban residents in the subcatchment (rather than total population). Per-capita emissions were 
lower than in many developed countries. In groundwater, PFBA (<MQL- 9.2 ng L(-1)) and 
PFBS (<MQL- 4.9 ng L(-1)) had the highest concentrations among PFCAs and PFSAs, 
respectively. Concentrations and trends in groundwater were generally similar to those observed 
in surface water suggesting the aquifer was contaminated by wastewater receiving river water. 
Daily PF AS exposure intakes through drinking water were below safety thresholds for oral non
cancer risk in all age groups. 

Copyright© 2015 Elsevier Ltd. All rights reserved. 
PMID: 26561452 [PubMed- in process] 
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Abstract 

OBJECTIVE: 

To examine relationships between prenatal perfluoroalkyl substance (PF AS) exposure and 
adiposity in children born to women who lived downstream from a fluoropolymer 
manufacturing plant. 

METHODS: 

Data are from a prospective cohort in Cincinnati, Ohio (HOME Study). Perfluorooctanoic 
(PFOA), perfluorooctane sulfonic (PFOS), perfluorononanoic (PFNA), and perfluorohexane 
sulfonic (PFHxS) acids were measured in prenatal serum samples. Differences were measured 
in body mass index z-scores (BMI), waist circumference, and body fat at 8 years of age (n = 
204) and BMI between 2-8 years of age (n = 285) according to PFAS concentrations. 

RESULTS: 

Children born to women in the top two PFOA terciles had greater adiposity at 8 years than 
children in the 1st tercile. For example, waist circumference (em) was higher among children in 
the 2nd (4.3; 95% CI: 1.7, 6.9) and 3rd tercile (2.2; 95% CI: -0.5, 4.9) compared to children in 
the 1st tercile. Children in the top two PFOA terciles also had greater BMI gains from 2 to 8 
years compared to children in the 1st tercile (P < 0.05). PFOS, PFNA, and PFHxS were not 
associated with adiposity. 

CONCLUSIONS: 

In this cohort, higher prenatal serum PFOA concentrations were associated with greater 
adiposity at 8 years and a more rapid increase in BMI between 2-8 years. 

© 2015 The Obesity Society. 

PMCID: PMC4688224 [Available on 2017-01-01] 
PMID: 26554535 [PubMed- in process] 
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Abstract 

PFOS is a chemical of nearly ubiquitous exposure in humans. Recent studies have associated 
PFOS exposure to adipose tissue-related effects. The present study was to determine whether 
PFOS alters the process of adipogenesis and regulates insulin-stimulated glucose uptake in 
mouse and human preadipocytes. In murine-derived 3T3-Ll preadipocytes, PFOS enhanced 
hormone-induced differentiation to adipocytes and adipogenic gene expression, increased 
insulin-stimulated glucose uptake at concentrations ranging from 10 to 1 OOJ.!M, and enhanced 
Glucose transporter type 4 and Insulin receptor substrate- I expression. Nuclear factor (erythroid 
derived 2)-like 2 (Nrf2), NAD(P)H dehydrogenase, quinone 1 and Glutamate-cysteine ligase, 
catalytic subunit were significantly induced in 3T3-Ll cells treated with PFOS, along with a 
robust induction of Antioxidant Response Element (ARE) reporter in mouse embryonic 
fibroblasts isolated from ARE-hP AP transgenic mice by PFOS treatment. Chromatin 
immunoprecipitation assays further illustrated that PFOS increased Nrf2 binding to ARE sites 
in mouse Nqol promoter, suggesting that PFOS activated Nrf2 signaling in murine-derived 
preadipocytes. Additionally, PFOS administration in mice (IOOJ.lg/kg/day) induced adipogenic 
gene expression and activated Nrf2 signaling in epididymal white adipose tissue. Moreover, the 
treatment on human visceral preadipocytes illustrated that PFOS (5 and 50J.1M) promoted 
adipogenesis and increased cellular lipid accumulation. It was observed that PFOS increased 
Nrf2 binding to ARE sites in association with Nrf2 signaling activation, induction of 
Peroxisome proliferator-activated receptor y and CCAAT/enhancer-binding protein a 
expression, and increased adipogenesis. This study points to a potential role of PFOS in 
dysregulation of adipose tissue expandability, and warrants further investigations on the adverse 
effects of persistent pollutants on human health. 
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Abstract 

Perfluorooctane sulfonate (PFOS) is the most representative of a rising class of persistent 
organic pollutants perfluorochemicals. In the present study, its neurotoxicity was examined 
using adult male rats orally treated with 0.5; 1.0; 3.0 and 6.0mg ofPFOS/kg/day for 28 days. At 
the end of the treatment, the dopamine concentration and its metabolism expressed like the ratio 
3,4-dihydroxyphenylacetic acid (DOPAC)/dopamine and homovanillic acid (HVA)/dopamine 
were measured in the amygdala, prefrontal cortex and hippocampus. Gene and protein 
expression of the dopamine receptors D 1 and D2 were also determined in these limbic areas. 
The obtained results suggest that: (1) PFOS can alter the dopamine system by modifying its 
neuronal activity and/or its D1 and D2 receptors in the studied brain regions; (2) the dopamine 
concentration and metabolism seem to be more sensitive against PFOS toxicity in the 
hippocampus than in the other analyzed brain areas; (3) the inhibited gene and protein 
expression of the D 1 receptors induced by PFOS in the amygdala could be related to several 
changes in the HP A axis activity, and lastly; ( 4) the observed alterations on the dopamine 
system induced by PFOS could be a possible neurotoxicity mechanism of PFOS, leading to 
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many neurological diseases. 

Copyright © 2015 Elsevier Ireland Ltd. All rights reserved. 
PMID: 26529483 [PubMed- in process] 

19ci Total Environ. 2016 Jan 15;541:1002-10. doi: 10.1016/j.scitotenv.2015.10.017. Epub 2015 
Nov 11. 

Author information: 

• 
1Center for Environmental and Health Sciences, Hokkaido University, Sapporo, Japan. 

• 
2Department of Occupational Therapy, School of Sciences, Sapporo Medical University, 

Sapporo, Japan. 

• 
3Department of Public Health, Hokkaido University Graduate School of Medicine, Sapporo, 

Japan. 

• 
4Department of Analytical Chemistry, Faculty of Pharmaceutical Sciences, Hoshi University, 

Tokyo, Japan. 

• 
5Center for Environmental and Health Sciences, Hokkaido University, Sapporo, Japan. 

Electronic address: rkishi@med.hokudai.ac.jp. 

Abstract 

Perfluorinated chemicals (PFCs) are ubiquitous and persistent pollutants widely detected in 
blood samples of animals and humans across the globe. Although animal studies have shown 
the potential neurotoxicity of PFCs, there are few epidemiological studies regarding 
neurological effects of PFCs in humans, and those studies have had inconclusive results. In this 
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study, we conducted a hospital-based prospective birth cohort study between 2002 and 2005 
(n=514) to examine the associations between prenatal perfluorooctane sulfonate (PFOS) and 
perfluorooctanoate (PFOA) exposures and the neurodevelopment of infants at 6 (n=173) and 18 
(n=133) months of age. Using the second edition of the Bayley Scales oflnfant Development 
(BSID II), the Mental and Psychomotor Developmental Indices (MDI and PDI, respectively) 
were assessed. PFOS and PFOA were measured in maternal semm samples by liquid 
chromatography-tandem mass spectrometry. After controlling for confounders, prenatal PFOA 
concentrations were associated with the MDI of female (but not male) infants at 6months of age 
(~=-0.296; 95% confidence interval (CI): -11.96, -0.682). Furthermore, females born to mothers 
with prenatal concentrations ofPFOA in the fourth quartile had MDI scores -5.05 (95% CI:-
10.66 to 0.55) lower than females born to mothers with concentrations ofPFOA in the first 
quartile (p for trend=0.045). However, PFOA concentrations were not significantly associated 
with neurodevelopmental indices at 18months of age. In addition, we did not observe any 
significant association between PFOS concentrations and neurodevelopmental outcomes in 
early infancy. In conclusion, our results suggest that prenatal PFOA exposure may affect female 
mental scales of neurodevelopment at 6months of age. Further studies with larger sample sizes 
and longer observation periods are required to clarify sex difference of the neurodevelopmental 
effects. 

Copyright© 2015 Elsevier B.V. All rights reserved. 
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Abstract 

While the recycling of wastewater biosolids via land-application is a sustainable practice for 
nutrient recovery and soil reclamation that has become increasingly common worldwide, 
concerns remain that this practice may become a source of toxic, persistent organic pollutants to 
the environment. This study concentrates on assessing the presence and the temporal trends of 
12 perfluoroalkyl substances (PF ASs), pollutants of global consequence, in limed Class B 
biosolids from a municipal water resource recovery facility (WRRF), also know as a wastewater 
treatment plant. PF ASs are of significant concern due to their extensive presence and 
persistence in environmental and biotic samples worldwide, most notably human blood samples. 
Class B biosolids were collected from the WRRF, prior to land-application, approximately 
every two to three months, from 2005 to 2013. Overall, this study found that concentrations of 
the 7 detectable PF AS compounds remained unchanged over the 8-year period, a result that is 
consistent with other temporal studies of these compounds in sewage sludges. From these 
analyzed compounds, the highest mean concentrations observed over the study period were 
25.1 ng/g dw, 23.5 ng/g dw, and 22.5 ng/g dw for perfluorononanoic acid (PFNA), 
perfluorooctanoic acid (PFOA), and perfluorooctanesulfonic acid (PFOS), respectively, and 
these compounds were detected at concentrations 2.5-5 times higher than the remaining, 
detectable PF ASs. Furthermore, it was observed that PFOS, while demonstrating no overall 
change during the study, exhibited a visible spike in concentration from late 2006 to early 2007. 
This study indicates that concentrations of PF ASs in WRRFs have been stagnant over time, 
despite regulation. This study also demonstrates that the use of glass jars with 
polytetrafluoroethylene-lined lids, a common storage method for environmental samples, will 
not influence PFOA and PFNA concentrations in archived biosolids samples. 

Copyright© 2015 Elsevier Ltd. All rights reserved. 
PMID: 26413802 [PubMed- in process] 
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Abstract 

Perfluorooctanoic acid (C7F15COOH, PFOA) is an aqueous anionic surfactant and a persistent 
organic pollutant. It can be easily adsorbed onto the bubble-water interface and both 
mineralized and degraded by ultrasonic (US) cavitation at room temperature. The aim of this 
study is to investigate whether the effect of US on the degradation ofPFOA in solution can be 
enhanced by the addition of surfactant. To achieve this aim, we first investigated the addition of 
a cationic (hexadecyl trimethyl ammonium bromide, CTAB), a nonionic (octyl phenol 
ethoxylate, TritonX-100), and an anionic (sodium dodecyl sulfate, SDS) surfactant. We found 
the addition ofCTAB to have increased the degradation rate the most, followed by TritonX-
100. SDS inhibited the degradation rate. We then conducted further experiments characterizing 
the removal efficiency ofCTAB at varying surfactant concentrations and solution pHs. The 
removal efficiency ofPFOA increased with CTAB concentration, with the efficiency reaching 
79% after 120 min at 25°C with a 0.12 mM CTAB dose. 

Copyright© 2015 Elsevier B.V. All rights reserved. 
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Abstract 

Perfluorooctane sulfonate (PFOS) and zinc have been detected in aquatic environment widely. 
In order to study the combined effects of PFOS and Zn, a series of experiments was conducted 
to explore the acute mortality, bioaccumulation and antioxidant status ofLimnodrilus 
hoffmeisteri. The acute toxicity was evaluated by calculating 24h-EC50 values, and it was 
observed that 24h-EC50 values in single and joint treatments decreased with decreasing pH 
value or increasing exposure concentration. Toxic unit analysis suggested that the combined 
effects of the PFOS+Zn binary mixture were mostly simple addition, with 8 groups showing 
synergism and only one group showing antagonism. The analysis of internal Zn and PFOS 
concentration showed that the possible interaction between Zn and PFOS can affect the 
bioaccumulation of the two chemicals in L. hoffmeisteri. In addition, oxidative stress status was 
assessed by measuring oxidation-related biochemical parameters such as superoxide dismutase, 
glutathione peroxidase and malondialdehyde, and the integrated biomarker response index was 
estimated to rank the toxicity order. Exposures to Zn and PFOS were found to evoke some 
changes in the antioxidant defense system, and a strong self-adaptive ability was noticed for L. 
hoffmeisteri after 10 d exposure. 

Copyright© 2015 Elsevier B.V. All rights reserved. 
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Abstract 

Biomagnifying organohalogenated compounds (OHCs) may have adverse effects on the health 
of birds, especially marine avian top predators that accumulate high OHC loads. Contaminants 
may impair the humoral immunity and also influence the antioxidant enzyme activity (i.e. 
oxidative stress). Moreover, physical conditions and oxidative stress during development may 
reduce telomere lengths, one of the main mechanisms explaining cell senescence. To examine 
the potential effects of environmental contaminants on physiological biomarkers of health, 
OHCs with different 'physicochemical' properties were related to immunoglobulin Y levels 
(IgY; humoral immunity), superoxide dismutase enzyme (SOD) activity in blood plasma, and 
telomere length (measured in red blood cells) in individual 7-8weeks old nestlings (n=35) of 
white-tailed eagles (Haliaeetus albicilla) in the Norwegian Sub-Arctic. Different 
organochlorines (OCs) and perfluoroalkylated substances (PFASs) were measured in blood 
plasma of nestlings, demonstrating higher concentrations of the emerging contaminants 
(PF ASs), notably perfluorooctane sulfonate (PFOS), compared to legacy OCs. There were no 
relationships between the contaminant loads and plasma IgY levels. Moreover, differences 
between years were found for telomere lengths, but this was not related to contaminants and 
more likely a result of different developmental conditions. However, there were significant and 
negative relationships between the OC loadings and the SOD activity. This suggests that some 
legacy OCs challenge the antioxidant capacity in nestlings of white-tailed eagles. 

Copyright© 2015 Elsevier B.V. All rights reserved. 
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Abstract 

We estimated inflow rates ofperfluorooctanesulfonate (PFOS) and perfluorooctanoate (PFOA) 
to Tokyo Bay, Japan, between Febmary 2004 and Febmary 2011 by a receptor-oriented 
approach based on quarterly samplings of the bay water. Temporal trends in these inflow rates 
are an important basis for evaluating changes in PFOS and PFOA emissions in the Tokyo Bay 
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catchment basin. A mixing model estimated the average concentrations of these compounds in 
the freshwater inflow to the bay, which were then multiplied by estimated freshwater inflow 
rates to obtain the inflow rates of these compounds. The receptor-oriented approach enabled us 
to comprehensively cover inflow to the bay, including inflow via direct discharge to the bay. On 
a logarithmic basis, the rate of inflow for PFOS decreased gradually, particularly after 2006, 
whereas that for PFOA exhibited a marked stepwise decrease from 2006 to 2007. The rate of 
inflow for PFOS decreased from 730kg/y during 2004-2006 to 160kg/y in 2010, whereas that 
for PFOA decreased from 2000kg/y during 2004-2006 to 290kg/y in 2010. These reductions 
probably reflected reductions in the use and emission of these compounds and their precursors 
in the Tokyo Bay catchment basin. Our estimated per-person inflow rates (i.e., inflow rates 
divided by the estimated population in the basin) for PFOS were generally comparable to 
previously reported per-person waterborne emission rates in Japan and other countries, whereas 
those for PFOA were generally higher than previously reported per-person waterborne emission 
rates. A comparison with previous estimates of household emission rates of these compounds 
suggested that our inflow estimates included a considerable contribution from point industrial 
sources. 
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Abstract 

Human exposure to perfluoroalkyl substances (PF ASs) occurs primarily via dietary intake and 
drinking water. In this study, 16 PF ASs have been assessed in 96 drinking waters (3 8 bottled 
waters and 58 samples of tap water) from Brazil, France and Spain. The total daily intake and 
the risk index (RI) of 16 PF ASs through drinking water in Brazil, France and Spain have been 
estimated. This study was carried out using an analytical method based on an online sample 
enrichment followed by liquid chromatography coupled to tandem mass spectrometry (LC
MS/MS). The quality parameters of the analytical method were satisfactory for the analysis of 
the 16 selected compounds in drinking waters. Notably, the method limits of detection (MLOD) 
and method limits of quantification (MLOQ) were in the range of 0.15 to 8. 7 6ng/l and 0. 4 7 to 
26.54ng/l, respectively. The results showed that the highest PFASs concentrations were found 
in tap water samples and the more frequently found compound was perfluorooctanesulfonic acid 
(PFOS), with mean concentrations of 7.73, 15.33 and 15.83ng/l in French, Spanish and 
Brazilian samples, respectively. In addition, PFOS was detected in all tap water samples from 
Brazil. The highest level of PF ASs contamination in a single sample was 140 .48ng/l in a sample 
of Spanish tap water. In tum, in bottled waters the highest levels were detected in a French 
sample with 116ng/l as the sum ofPFASs. Furthermore, the most frequent compounds and 
those at higher concentrations were perfluoroheptanoic acid (PFHpA) with a mean of 
frequencies in the three countries of 51.3%, followed by perfluorobutanesulfonic acid (PFBS) 
(27.2%) and perfluorooctanoic acid (PFOA) (23.0%). Considering that bottled water is 
approximately 38% of the total intake, the total PF ASs exposure through drinking water intake 
for an adult man was estimated to be 54.8, 58.0 and 75.6ng/person per day in Spain, France and 
Brazil, respectively. However, assuming that the water content in other beverages has at least 
the same levels of contamination as in bottled drinking water, these amounts were increased to 
72.2, 91.4 and 12l.Ong/person per day for an adult man in Spain, France and Brazil, 
respectively. The results of total daily intake in different gender/age groups showed that 
children are the most exposed population group through hydration with maximum values in 
Brazil of 2.35 and 2.01ng/kg body weight (BW)/day for male and female, respectively. Finally, 
the RI was calculated. In spite of the highest values being found in Brazil, it was demonstrated 
that, in none of the investigated countries, drinking water pose imminent risk associated with 
PF ASs contamination. 

Copyright© 2015 Elsevier B.V. All rights reserved. 
PMID: 26360456 [PubMed- in process] 

ED_ 000954(915 )_Processed_PSTs-2_00 _ 00004904-00035 



EPA-HQ-2016-005679 06/14/2017 

2Environ Sci Pollut Res Int. 2016 Jan;23(1):426-37. doi: 10.1007/s11356-015-5248-2. Epub 
2015 Aug 27. 

Author information: 

• 
1Department ofBiosciences, University of Milan, via Celoria 26, I-20133, Milan, Italy. 

marco.parolini@unimi.it. 

• 
2Department ofBiosciences, University of Milan, via Celoria 26, I-20133, Milan, Italy. 

• 
3IRSA-CNR-Water Research Institute, National Research Council, Via Mulino 19, I-20861, 

Brugherio, MB, Italy. 

Abstract 

Perfluooctane sulfonate (PFOS) is considered an emerging pollutant because of its wide 
distribution in both aquatic and terrestrial ecosystems, as well as its potential toxicity to living 
organisms. Although PFOS environmental levels and the adverse effects on classical model 
organisms in toxicological studies are well known, including developmental alterations and 
alteration of oxidative status, its toxicity to free-living species has been seldom investigated. 
The aim of this study was to assess the potential toxicity of environmental levels of PFOS to 
yellow-legged gull (Larus michahellis) embryos under field experimental conditions. In a 
within-clutch experimental design, we injected two PFOS concentrations (100 ng PFOS/g egg 
weight and 200 ng PFOS/g egg weight) in ovo soon after laying. Eggs were collected when they 
reached the cracking stage. We investigated the effects of PFOS treatment, laying order and sex 
on both morphological and biochemical endpoints of embryos. Specifically, we assessed 
changes in embryo body mass and tarsus length, as well as in liver and brain mass. Moreover, 
the imbalance of oxidative status was evaluated in both liver and brain from embryos by 
measuring total antioxidant capacity (TAC) and total oxidant status (TOS), while the levels of 
protein carbonyl content (PCO) and DNA fragmentation were measured as oxidative and 
genetic damage endpoints, respectively. The concentrations of PFOS we tested did not 
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significantly alter the morphological endpoints, independently of laying order and sex. 
Similarly, embryo oxidative status and oxidative and genetic damage were not significantly 
affected by PFOS in ovo exposure. These findings suggest that current environmental PFOS 
levels do not affect early development of yellow-legged gull embryos. 
PMID: 26310703 [PubMed- in process] 
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